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© Antigens and polypeptides derived from babesia (12D3 antigen). 



quence and an antigen derived from a gene having a 
defined DNA sequence. THe invention also includes 
within its scope monoclonal antibodies immunoreac- 
tive with these antigens as well as vaccines for 
treatment of babesiosis also including the above 
antigens. 
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© An antigen inducing protective immunity against 
homologous or heterologous challenge with Babesia 
of cattle having the following properties:- 

^ (i) one sub-unit having a molecular weight of 

^ 38,000; 

CM (ii) an N terminus end of the 38,000 molecular 
^ weight sub-unit including the sequence 
^ Methionine-Tyrosine-Aspartate-Glutamine- 
Asparagine-Glycine-Lysine; and 
(iii) another polypeptide having a molecular 
weight of 22,000 which is bound or associated 
with the sub-unit of molecular weight 38,000. 
yjj The invention also includes an antigen obtained 
from the abovementioned native antigen by recom- 
binant methods having a defined amino acid se- 
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ANTIGENS AND POLYPEPTIDES DERIVED FROM BABESIA (12D3 ANTIGEN) 



This invention relates to DNA sequences, re- 
combinant DNA molecules and processes for pro- 
ducing polypeptides or antigens eliciting antibodies 
protective against babesiosis when administered to 
suitable domestic animals including cattle. The in- 
vention also relates to such polypeptides and anti- 
gens as well as vaccines produced from these 
polypeptides or related polypeptides or antigens 
which vaccines are highly protective against 
Babesia infection, or infection with any other para- 
site species. 

More particularly, the invention relates to DNA 
sequences expressed in appropriate host organ- 
isms. The recombinant DNA molecules disclosed 
herein are characterised by DNA sequences that 
code for polypeptides which have the immunolog- 
ical activity of a polypeptide of B. bovis or any 
other species. A particular example" Df such a poly- 
peptide is designated as antigen 12D3. 

Antigen 12D3 is an antigen reactive with the 
monoclonal antibody secreted by an associated 
hybridoma MAbA12D3, which hybridoma was de- 
posited with the European Collection of Animal Cell 
Cultures on 28th July 1989 under accession num- 
ber 89072701 as A12D3. 

Accordingly, this invention further relates to the 
above hybridoma, the monoclonal antibody secret- 
ed by the hybridoma and antigens specifically re- 
active with this monoclonal antibody. 

However it will be appreciated that the inven- 
tion includes within its scope any monoclonal anti- 
body derived from antigens related to antigen 12D3 
eliciting antibodies protective against babesiosis 
and that therefore the invention is not restricted to 
the monoclonal antibody secreted by the above 
hybridoma. The invention also includes within its 
scope any hybridoma capable of producing the 
abovesaid monoclonal antibodies exemplified by 
the hybridoma MAbA12D3. 

Babesia is an intraerythrocytic parasite and is 
the major causative agent of babesiosis or red- 
water fever in domestic cattle in tick infested areas 
including tropical and subtropical pastures. Cattle 
that are moved from tick free to tick infested areas 
are particularly susceptible. Early work on the im- 
munity conferred on infected animals which sur- 
vived indicated that the immune response was hu- 
moral, since immunity was conferred to calves by 
colostrum immunoglobulins from infected mothers. 

Unresolved antibodies from animals immune to 
B. bovis were subsequently shown to elicit immu- 
nity when transferred to non-immune animals. 

Hitherto vaccines have been produced which 
protect cattle against the severe clinical manifesta- 
tions of B. bovis parasitaemia. The vaccines used 



date include those using killed B. bovis , live vac- 
cines using B. bovis attenuated by either irradiation 
or rapid passage in spleneclomised calves and 
vaccines derived from in vitro culture supernatant 
5 antigens. Although such vaccines are to some ex- 
tent protective, they all have the inherent problem 
of containing many antigens. Vaccination with such 
vaccines therefore elicits an immune response 
which places the immune system of the vaccinated 
70 animal under considerable stress. Also, multi-an- 
tigenic vaccines may contain antigens which elicit a 
strong response activity but which are not espe- 
cially protective due to the location or chemistry of 
the antigen in the virulent field strains. This strong 
15 response may mask or otherwise inhibit the devel- 
opment of immunity based on antibody response 
to the presence of a less reactive antigen capable 
in isolation of conferring protective immunity. 
Where live attenuated vaccines are used, contami- 
20 nation of the vaccine with other pathogens may 
occur. Animals vaccinated with the live vaccines 
are subclinical^ infected carriers of the parasite 
and the potential for breakthrough infection due to 
de-attenuation is present. Refrigerated vaccine has 
25 a shelf life of only seven days. 

Live vaccines in current usage also have a number 
of obvious limitations such as difficulty in trans- 
portation and possible reversion for the attenuated 
strain to a virulent strain. A killed vaccine consist- 
so ing of well defined components would have a 
greater degree of acceptability and an obvious 
market. 

In order to identify specific babesial antigens 
which confer protective immunity, babesial proteins 

35 from infected erythrocytes have been fractionated 
and assayed for immunoprotective potential. Pro- 
tective antigens have been found in the soluble 
protein fraction obtained from lysis of babesia- 
infected erythrocytes as described in Australian 

40 Patent Specification Mo. 553779. Monoclonal anti- 
bodies have been raised against the protective 
soluble babesia protein fractions, and I FA. ELISA 
and Western blotting techniques used to identify 
clones producing monoclonal antibodies against 

45 specific babesial antigens. Antigens were then af- 
finity purified with the monoclonal antibodies to 
yield single antigens for vaccination testing. 

The above is also discussed in an article en- 
titled "Protective Vaccination against Virulent B. 

so bovis with a Low Molecular Weight Antigen" by 
Wright et al Infection and Immunity 48 109-113 as 
well as an article by Wright et al in Infection and 
Immunit y 41, 244-250 and an "abstract published!?! 
J. Cellular Biochemis try (1986) concerning the 
UCLA Symposia on Molecular and Cellular Biology. 
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Whilst purified antigen may be produced from 
babesial lysates by using the monoclonal antibody 
to that antigen, this method is not suitable for large 
scale production of vaccination grade product. The 
requirement therefore arises for improved commer- 
cial scale processes for the manufacture of antigen 
and polypeptide having like immunogenic activity. 

Attention has therefore been focused on the 
use of recombinant DNA techniques to transform 
non-babesial hosts with babesial genes. 

Kemp et al (Mol. Biochem. Parasit 12 (1984) 
61 -67) discloses that Babesia genes can transform 
the eukaryotic host Saccharomyces cerevisiae , 
and that the host produces poly A RNAs cor- 
responding to the transforming genes. However, 
there is no data to indicate that the polypeptides 
corresponding to the poly A mRNA obtained from 
K-strain B. bovis -infected erythrocytes were pro- 
tective. The library was amplified in \gt10, cleaved, 
radiolabeled, fractionated, and religated into an 
ampicillin-resistance- conferring expression vector 
\-amp3. The phage were packaged in vitro and 
plated out on E. coli BTA282 on ampicillin-contain- 
ing media, and colonies producing cDNA detected 
by colony hybridisation. Colonies expressing 
Babesia antigens were detected by autoradiog- 
raphy using bovine antiserum to Ka strain B. bovis 
and 1 25l-iabelled antibovine Ig. One clone was se- 
lected for further study (designated KaBbl). This 
clone produced a fusion protein of jS-galactosidase 
and a babesial antigen with a M r 5000-10000 larger 
than native 0-galactosidase. 

Anti-Ka sera were fractionated against the fu- 
sion protein to yield affinity-purified anti-KaBbl 
antibodies. These antibodies were used to detect 
an antigen with a M r of 220,000, corresponding to 
the dominant M r 220,000 antigen detected by un- 
fractionated serum. Immune-fluorescent assay in- 
dicated that anti-KABb1 reacts only with the 
Babesia parasite and not with the surrounding 
erythrocytic cytoplasm in vitro. By contrast, unfrac- 
tionated anti-Ka serum reacts severally with the 
infected erythrocyte cytoplasm and the parasite. 

However , vaccines formulate from the 
KaBbl /jS-galactosidase fusion protein did not ex- 
hibit significant protective immunisation of animals 
against virulent heterologous B. bovis challenge 
(Timms et al Res Vet Sci ). Indeed, the results 
indicateaMhat the^KaBbi/^T-galactosidase vaccines 
were less efficacious than live Ka vaccines. 
Reference also may be made to Cowman de- 
scribed in Manipulation and Expression of Genes In 
Eukaryotes (1983), 185-188 wherein a gene coding 
for avirulence associated polypeptides of B. bovis 
were isolated by differential colony hybridisation. 

Poly A RNA was isolated from K-avirulent (Ka) 
strain by extraction from parasitised cattle eryth- 
rocytes and oligo-dT cellulose chromatography. 
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The RNA was copied into double-stranded cDNA 
which was inserted in pBR322. Transformed cells 
were plated on nitrocellulose filters and replica 
filters were hybridised with labelled cDNA probes 
5 synthesised from poly A* RNA of Ka and the 
virulent K geographical isolate (Kv). cDNA plasmids 
were selected representing RNAs of differing abun- 
dance. Increased levels of RNA molecule were 
found to correlate with avirulence. 

w However, the main thrust of this reference was 
to identify cDNAs corresponding to RNAs which 
hybridise in greater abundance with probes syn- 
thesised from poly A* mRNA of the avirulent Ka 
strain. This reference did not disclose however 

J5 preparation of polypeptides. 

The present invention in one aspect resolves at 
least some of the problems associated with the 
prior art by providing a process which serologically 
determines a protective antigen and also raising a 

20 monoclonal antibody to that antigen. The process 
also includes cloning DNA sequences that code for 
polypeptides at least partially homologous with that 
antigen. The said process thereby provides DNA 
sequences, recombinant DNA molecules and meth- 

25 ods for use of those sequences and molecules in 
the prediction of polypeptides displaying at least 
some of the immunogenic activity of that antigen. 

By virtue of this invention, it is possible to 
obtain polypeptides displaying an immunological 

30 activity of the 12D3 antigen, for use in protective 
immunisation of animals, and more particularly cat- 
tle, against clinical Babesiosis. This recombinant 
DNA-produced polypeptide may also be used for 
the purpose of immunoassay and immunodiag- 

35 nosis. This invention allows the production of novel 
polypeptides derived, modified or otherwise pro- 
duced from the novel polypeptide in amounts and 
by methods hitherto not available. 

As will be appreciated from the disclosure to 

40 follow, the DNA sequences and recombinant DNA 
molecules of" the invention are capable of directing 
the expression of a polypeptide displaying at least 
some of the immunological activity of the native 
1 2D3 antigen. Replication of these DNA sequences 

45 and recombinant DNA molecules in appropriate 
hosts also provides a means of amplifying DNA to 
yield quantities of DNA coding for the polypeptide 
in hitherto unobtainable quantities. The molecular 
structure of these genes may thus bo readily deter- 
so mined. The polypeptide and corresponding DNA is 
useful, either as produced in the host or after 
appropriate derivatisation or modification, in com- 
position and methods for detecting and improving 
the production of these products themselves and 

55 for use in immunoprotective, immunodiagnostic 
and immunoassay agents and methods. 

The sequences of this invention are further 
characterised in that they permit the production of 

3 
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12D3-like polypeptides in non-babesial hosts. In 
another aspect of the present invention there is 
provided antigen purified by immunoreactivity with 
the monoclonal antibody reactive with the above 
described monoclonal antibody. 

The invention also includes within its scope an 
anti-idiotypic antibody displaying at least some of 
the immunogenic activity of 12D3 antigen. 

In yet another aspect of the present invention 
there is provided DNA sequences coding for poly- 
peptides having at least some of the immunoreac- 
tivity of 12D3 antigen wherein the sequences com- 
prise cDNA sequences corresponding to babesial 
mRNAs having substantial homology with at least 
part of the Babesia gene or genes coding for 
antigen 12D3. Also within this aspect of the present 
invention are DNA sequences which hybridise to 
any of the foregoing DNA sequences, DNA se- 
quences from whatever source including natural, 
synthetic or semi-synthetic sources, related by 
mutations including single or multi-base substitu- 
tions, deletions, insertions, inversions and 3' or 5' 
additions to any of the foregoing DNA sequences 
or inserts, and DNA sequences comprising se- 
quences of codons which on expression code for a 
polypeptide displaying similar immunogenic prop- 
erties to a polypeptide produced on expression of 
any of the foregoing DNA sequences. 

In another aspect of the present invention are 
provided compositions comprising any of antigen 
12D3 , the monoclonal antibody corresponding to 
antigen 12D3 and polypeptides expressed as 
above together with an appropriate vehicle such as 
an adjuvant, which compositions are variously use- 
ful as vaccines, immunoassay reagents and im- 
munodiagnosis reagents. 

The purified antigen may be used, on conjunction 
with a suitable adjuvant, as a vaccine, and suitable 
vaccination trials conducted. 
In the present invention, antibody-purified antigen 
may be used to raise bovine antisera for serolog- 
ical analysis of the efficacy of the antigens pro- 
duced fermenlatively as is described hereinafter. 
The affinity purified antigen may also be used for 
immunodiagnosis of unknown sera. 

Whilst affinity purified antigen may form an 
acceptable vaccine, in terms of industrial scale 
production this means of production is insufficient 
compared to fermentative processes using recom- 
binant DNA technology. This inefficiency arises 
from the need to prepare large quantities of in- 
fected erythrocytes to source the crude antigen 
mixture. 

Accordingly it is desirable to identify babesial 
genes coding for polypeptides having at least 
some of the immunogenicity of the antigen of inter- 
est such that the genes may be cloned and ex- 
pressed in appropriate hosts. 



There exists many ways by which the gene of 
interest may be identified. For example, the puri- 
fied antigen may be partially amino acid sequen- 
ced, and corresponding DNA probes synthesised 
5 to screen a genomic or cDNA library to identify 
clones containing homologous DNA sequences. 

The said DNA sequences through further ma- 
nipulation may be expressed to give polypeptides 
exhibiting the desired immunological characteristics 

w of the antigen. 

Alternatively, the babesial gene may be iden- 
tified by screening of a cDNA expression library 
constructed from the reverse transcription of 
babesial poly A* mRNA using an antibody probe to 

is identify clones expressing antigenic gene product. 
The library may then be used to provide inserts for 
expression vectors which are in turn used to trans- 
form appropriate hosts. The transformed host may 
be screened for other expression of the gene of 

20 interest. 

In the process of the invention any suitable 
expression vector may be utilised as described 
hereinafter. Where the particular polypeptide of in- 
terest is most ably expressed by a eukaryotic host, 

25 it may be more appropriate to use the derivatised 
plasmids of a yeast such as Saccharomyces 
cerevisiae . — 

In the process of the invention any suitable 
host for the expression vector may be used. Exam- 

30 pies of suitable hosts include yeast cells, mamma- 
lian cells, insect cells and bacterial cells. Transfor- 
mants may be isolated by any appropriate means, 
for example, growth on selective media. 

The transformed hosts may then be screened, 

35 either by detection of the desired expressed poly- 
peptide using immunoassay or by probing either 
DNA or RNA probes. 

In the preferred case where monoclonal anti- 
bodies have been raised against the antigen of 

40 choice, immunological screening of expressing re- 
combinants is preferred. 

The vector/host combination may be chosen 
such that the expressed polypeptide is just the 
translation product of the cDNA transcript of the 

45 poly A* mRNA. Alternatively, the translation of the 
cDNA insert of the expression vector is placed 
under the control of a strong promoter for expres- 
sion of a host protein by insertion of the c 

DNA (in the correct reading frame and orienta- 

50 tion) within the gene coding for that host protein. 
The result is that the host strongly expresses a 
fusion protein comprising the translation product of 
the cDNA insert coupled to at least part of the host 
protein. In this embodiment suitable use is made of 

55 a monoclonal antibody probe to screen a cDNA or 
genomic library. 

The selected transformant may be grown up to 
yield sufficient quantities of expression product 
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having the desired immunogenic properties for use 
in immunodiagnosis. immunoassay or vaccines. 

It will also be appreciated in relation to this 
invention that one or more "reverse engineering" 
steps could be utilised in the inventive process 
wherein in some cases the antigen 12D3 or related 
antigens may be obtained from sera from vacci- 
nated animals or infected animals using a Babesia 
expression library which may be cDNA or genomic 
in origin. In this case the sera would be used as a 
probe to screen the expression library to isolate 
12D3 antigen or related antigens in a similar man- 
ner as described above. 

In another aspect of the invention it will also be 
appreciated that the vaccine containing the antigen 
of interest could also be utilised as a starting 
material to eventually isolate the 12D3 antigen or 
related antigen. In this procedure the antigen from 
the vaccine could be sequenced to obtain a partial 
amino acid sequence and oligonuoleotide probes 
constructed from the amino acid sequence could 
be used to screen a Babesia and more particularly 
a B. bovis cDNA or genomic library to isolate a 
gene coding for a related antigen. By using recom- 
binant technology one could then prepare the anti- 
gen in large amounts. 

The invention also includes within its scope a 
test kit for diagnosis of babesiosis which includes 
the monoclonal antibody corresponding to antigen 
12D3 or related monoclonal antibodies as well as 
selected reagents for detection of babesiosis anti- 
gen in body fluids such as blood or lymph. In this 
test kit any suitable label may be used to detect 
the antigen-antibody reaction and thus this may be 
IFA, RIA or more suitably enzyme immunoassay 
such as ELISA. A method of immunoassay using 
monoclonal antibody MAbA12D3 is also included 
within the scope of the invention. 

It will also be appreciated that a monoclonal 
antibody similar or related to the monoclonal anti- 
body MAbA12D3 (i.e. not necessarily reactive with 
the same epitope) may be obtained by using anti- 
gen 12D3 or a similar antigen or related polypep- 
tide instead of the antigen obtained from a lysate of 
B. bovis infected erythrocytes as described herein. 

A particularly preferred method for use in the 
present invention may include the following steps: 

(i) purifying an antigenic fraction of Babesia; 

(ii) sequencing the N-terminus of the purified 
antigenic fraction from step (i); 

(iii) preparing one or more synthetic 
oligonucleotides based on the sequence ob- 
tained from step (ii); 

(iv) preparing a cDNA library from m-RNA de- 
rived from Babesia ; 

(v) screening the cDNA library using the syn- 
thetic oligonucleotide prepared from step (iii) as 
a probe; 
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(vi) purifying positive clone(s) and subcloning 
the cDNA into an expression vector; and 

(vii) expressing the clone(s) in the expression 
vector and obtaining the resultant antigen. 

5 In step (i) suitably the antigenic fraction is 

purified in a similar manner to that described above 
in Australian Patent Specification 553779 wherein a 
monoclonal antibody is obtained from a lysate of 
Babesia-infected erythrocytes. Suitably the mon- 

ro oclonal antibody so obtained corresponds to an 
IgG species and more suitably an lgG1 species. In 
this manner clone A12D3 was isolated by limiting 
dilution of hybridoma cells. 

After isolation of the monoclonal antibody it 

75 may be propagated in appropriate culture media 
such as tissue culture media (e.g. RPM1 1640) 
containing foetal calf serum stripped of bovine IgG 
harvested from the secreting cells by centrifuga- 
tion. The supernatant may then be taken and anti- 

20 body obtained therefrom was desirably concen- 
trated using osmotic pressure differences (e.g. by 
being passed through a suitable ultrafiltration me- 
dium of 10,000 - 20.000 MW cut-off). 

The antibody may then be attached to a ligand 

25 bound to an immobilised support. The ligand may 
be selected from Protein A, anti-mouse ig, anion or 
cation exchange groups such as DEAE 
(diethlaminoethyl) or hydrophobic groups such as 
hydrocarbon or phenyl groups. 

30 Suitable supports may be selected from 

Agarose, Sepharose, Sephacryl, Affigel, or nitrocel- 
lulose. 

From the foregoing it will be appreciated that 
the antibody may be bound to ion exchange, hy- 
35 drophobic or affinity ligands attached to the support 
which may be of any suitable type and which may 
be selected on the basis of which ligand is being 
utilised. 

Suitably the antibody concentrate had a pH 

40 which was adjusted to a value of between 7.0-9.5 
(preferably 8.6) before the antibody was attached 
to the ligand on the support. A preferred ligand is 
Protein A and a preferred support is Sepharose. 
The antibody may be eluted in any suitable 

45 manner. An appropriate eiutant may be selected 
from solutions of high ionic strength suitably having 
a pH greater than 7.0 or acidic solutions of low pH. 
An appropriate eiutant may be HCI dissolved in 
glycine buffer, triethylamine, urea, diethylfor- 

so m amide, citrate/citric acid, citrate/phosphate and/or 
sodium thiocyanate. 

It is also preferred to adjust the pH of the 
monoclonal antibody to the desired range of be- 
tween 7.0 - 9.5 immediately after the purification 

55 procedure i.e. after the elution step or the other 
alternative purification procedures referred to 
above. 

After the elution step the antibody may be 

5 
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purified by dialysis or other means such as freeze 
drying or ultrafiltration. The monoclonal antibody 
may then be analysed by appropriate means such 
as SDS ( sodium dodecylsulfate) mercaptoethanol 
electrophoresis, SDS-dithiothreitol electrophoresis 5 
or SDS-dithioerythritol electrophoresis. The afore- 
mentioned methods are suitably carried out under 
denaturing reducing conditions. An alternative ana- 
lytic electrophoresis procedure may be carried out 
under denaturing conditions in the absence of a jo 
reducing or oxidising agent. If desired another suit- 
able analytical procedure may be carried out under 
non-denaturing conditions utilising a suitable im- 
munological technique such as the Western blot- 
ting test described hereinafter. 75 

The purified antibody may then be attached to 
a suitable ligand bound to an immobilised support. 
Any of the ligands or supports discussed pre- 
viously may be utilised in this step such as tresyl- 
activated Sepharose. 20 

While SDS has been referred to above as a 
suitable detergent it will be appreciated that other 
detergents may be utilised in the electrophoresis 
such as lithium dodecyl sulfate. 

While the preferred purification for the mon- 25 
ocional antibody utilises a ligand bound to an im- 
mobilised support, it will be appreciated that other 
appropriate purification procedures may be adopt- 
ed. For example a "salting out" procedure may be 
used with a precipitant selected from ammonium 30 
sulfate, polyethylene glycol or RIVANOL. 

Alternatively the purification may be effected 
by suspension in solutions of low ionic strength 
e.g. water. 

Yet again another purification procedure may 35 
utilise gel filtration to purify the monoclonal anti- 
body on the basis of size differences. If ultrafil- 
tration is used a suitable MW cut-off range is from 
75,000 to 130,000 or greater than 200,000. 

The purified monoclonal antibody may then be 40 
coupled to an appropriate ligand such as any one 
of those ligands previously described. Preferred 
Jigand-support combinations are tresyl-actrvated 
Sepharose, cyanogen bromide activated- 
Sepharose, Affigel or Reactigel. 45 

Alternatively the monoclonal antibody may be 
immobilised or insolubilised using cross linking 
agents such as glutaraldehyde or bis- 
(sulfosuccinimidyl)suberate. 

Alternatively the monoclonal antibody may be 50 
immobilised or insolubilised using biotinylated 
monoclonal antibody coupled to avidin-agarose or 
streptavidin-agarose. 

The lysate of Babesia-infected erythrocytes 
may then be prepared in any suitable manner. Any 55 
one of the following procedures may be utilised: 
(i) osmotic lysis wherein the cell membrane may 
be disrupted in solutions of weak ionic strength; 



(ii) mechanical lysis e.g. sonic disintegration; 

(iii) proliferation of parasites within the cell and 
existing therefore causing breakdown of the cell 
membrane; and 

(iv) cell lysis wherein membranes may be lysed 
by specific lysins or cell antibodies. 

Preferably in step (i) the cell lysate may be 
prepared as described by the methods referred to 
in Mahoney (1967) Exp. Parasitol . 20, 232-41. 
Suitably, however, Babesia parasite infected cells 
may be subjected to differential lysis in hypotonic 
saline. Alternatively infected cells may be lysed in 
5 volumes of distilled water by osmotic pressure 
using a freeze and thaw technique. Alternatively the 
infected cells may be lysed by the action of lytic 
agents such as saponin. 

The lysate may then if desired be partially 
purified. This may be carried out in any suitable 
manner such as passing the lysate through insolu- 
ble media such as diatomaceous earth (Celite) or 
heparin-Sepharose This procedure removes con- 
taminants and enriches the specific antigen. 

The antigen then may be eluted from the in- 
soluble media by appropriate elutants such as 
those described previously. However, a preferred 
method of elution is to increase the ionic stength 
with a suitable reagent such as sodium chloride in 
buffer. 

The partially purified antigen extract may then 
be contacted with the monoclonal antibody which is 
suitably bound to a suitable support as described 
previously or may be present in cross linked form 
as described previously. 

Subsequently the specific antigen which is now 
bound to the monoclonal antibody may be eluted 
therefrom by adoption of any of the elutants pre- 
viously described. Suitably a washing agent that 
will not break the antigen-antibody bond is utilised 
prior to the elution procedure/The solution of spe- 
cific antigen may have a pH of between 6.0-9.5 
(preferably 7.4) before and after contact with the 
monoclonal antibody. 

The specific antigen may then be analysed by 
any of the methods previously described for analy- 
sis of the monoclonal antibody. However preferably 
the specific antigen is analysed by two-directional 
electrophoresis using isoelectro focusing in a first 
direction and SDS-type electrophoresis in a second 
direction as described previously. 

The purified antigen obtained from the above 
procedure, preferably having a M r of 38,000 may 
have its N-terminal amino acid sequenced in any 
suitable manner such as by chemical or enzymatic 
cleavage of the antigen and subsequent separation 
by chromatographic methods, The sequence of 
each purified polypeptide may be determined by 
the Edman method. Preferably the analysis is car- 
ried out automatically in a sequenator. Preferably a 
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synthetic oligonucleotide may be prepared having 
the following sequence:- 
Methionine-Tyrosine-Aspartate-Glutamine- 
Asparagine-Glycine-Lysine as described 
hereinafter. 

The cDNA library may be obtained from mRNA 
derived from Babesia in any suitable manner. Pref- 
erably cytoplasmic RNA is obtained from a suitable 
Babesia species such as B. bovis . In this proce- 
dure B. bovis infected erythrocytes are subjected 
to centrifugation and the resulting pellet treated 
with a suitable lytic agent such as guanidinium 
chloride. The resulting nucleic acids including DNA 
and RNA after further purification by centrifugation 
and use of caesium chloride reagent isolated the 
babesial RNA. Subsequently poly A* RNA was 
prepared and CDNA prepared therefrom by reverse 
transcription. 

Following preparation of Babesia cDNA this 
was then cloned into a suitable cloning vector 
which was preferably phage such a \gt10. if de- 
sired alternative cloning vectors could be used 
such as other phage or plasmids selected from 
pBR322, pUC, pGEM or pGEX. Suitably prior to 
cloning the CDNA is methylated, polylinkers such 
as EcoR1 incorporated therein and the CDNA sub- 
sequently digested by a suitable restriction en- 
donuclease such as EcoR1. The resulting cDNA 
was then ligated to the cloning vector DNA by use 
of a ligase to form the desired cDNA library. 

The oligonucleotide used to probe the cDNA 
library was suitably derived from the amino acid 
sequencing of the N-terminal portion of the antigen 
and was suitably labelled. Preferably a radioactive 
label was utilised such as 32 P. 

Suitably since the cDNA was preferably am- 
plified in a \gt10 library positive plaques were 
obtained after treatment with the oligonucleotide 
probe. In this regard positive clones detected by 
the aforementioned label were comprised of a hy- 
brid of synthetic oligonucleotide and matching 
cDNA. subsequently the recombinant cDNA clones 
were obtained which were then subcloned into suit- 
able expression vectors preferably selected from 
pGEM, pRIT, pUC, pUR, pGEM or pGEX, which 
were subsequently used to transform E. coli . 
When using pRIT as an expression vector the 
polypeptide may be prepared as a fusion protein 
coupled to protein A. When using pUC19 the de- 
sired polypeptide may be prepared as a fusion 
protein coupled to a-complementation Factor which 
is part of /3-galactosidase. When using pGEX-3X, 
for example, the desired polypeptide may be pre- 
pared as a fusion protein coupled to glutathione-s- 
transferase. 

Sequencing of bases of the positive clones 
were carried out in any suitable manner such as by 
the Sanger method or Maxam-Gilbert method. 



MATERIALS AND METHODS 



5 Chemicals 

All chemicals were of analytical grade unless 
otherwise stated. Imidazole, either from Sigma or 
BDH, was recrysiallised to a white powder from 

w acetone. Dithiothreitol and benzamidine were pur- 
chased from Sigma Chemical Company. Elec- 
trophoresis chemicals and marker proteins were 
from Bio-Rad, LKB or BRL "Milli-Q" reagent qual- 
ity water (Millipore Corporations USA) was used 

75 throughout and all buffers were filtered through a 
0.45m screen (Millipore) just prior to use. 



PREPARATION OF THE AFFINITY MATRIX. 

20 

Clone A12D3, an lgG1 subclass, was isolated 
by limiting dilution of hybridoma cells prepared 
from fusion of BalbC splenocytes with mouse NS-1 
myeloma cells, by conventional techniques as pre- 

25 viously described (3), with the exception that traces 
of bovine Ig were removed from foetal calf serum 
using protein A-sepharose (Pharmacia) Journal Im- 
munological Methods 60, (1 983) 33-45. 

The A12D3 clone was propagated in RPM1 

30 1640 medium containing 10% foetal calf serum and 
the antibody was harvested from the secreting cells 
by centrifugation at 3000 x g for 10 mins. Antibody 
was purified from culture supernatant essentially by 
the method of Underwood et al (1983) J. Im- 

35 munological Methods 60, 33-45*1983. Approximate- 
!y 9L of supernatant containing 10 mM azide, was 
concentrated to four lots of approximately 200 ml 
using an Amicon circulating concentrator fitted with 
a YM-10 membrane. The concentrate was adjusted 

40 to pH 8.6 with 0.5 M NaOH and allowed to recir- 
culate overnight on a column of protein A 
sepharose (1.6 x 11.5 cm, flow rate 10 ml/h). The 
column was washed extensively with 50 mM Tris 
buffer pH 8.6. Bound protein was eluted with 500 

45 mM glycine, pH 3.0 into tubes containing sufficient 
1 M imidazole, pH 7.4 to neutralise each fraction. 
The column was rc-equilibrated and the wash frac- 
tion extracted twice for antibody. The eluted frac- 
tions were pooled, concentrated by vacuum dia- 

50 lysis, and dialysed against 0.1 M NaHC03 contain- 
ing 0.5 M NaCI. The final product, 8 ml containing 
approximately 3 mg/ml protein (Bradford) was an- 
alysed by SDS/mercaptoethanol electrophoresis. 
The final product showed two major silver staining 

55 bands, at M r 55,000 and 25,0000. An equivalent 
sample was analysed by immunoblotting with 
affinity-purified, peroxidase-labelled goat anti- 
mouse IgG (H + L). Two major bands of M r 55,000 
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and 25,000 were evident 

The purified antibody was coupled to an equal 
volume of swollen tresyl activated-Sepharose 4B 
(Pharmacia) by essentially the manufacturer's 
instructions, except that the coupling reaction was 
followed by monitoring the removal of protein from 
the supernatant of a centrifuged aliquot. After an 
estimated 90% coupling (70 min) the reaction was 
stopped by blocking unreacted sites with 100 mM 
Tris, pH 8.0 and the gel further washed as per 
instructions. The antibody coupled gel was packed 
into a column (1.6 x 4.5 cm) and equilibrated in 50 
mM imidazole, 150 mM NaCI, 10 mM sodium 
azide, pH 7.4. Just prior to use, the column was 
washed with the above buffer without azide fol- 
lowed by freshly prepared 50 mM triethylamine 
(Pierce, HPLC grade) pH 11.4, then re-equilibrated 
with starting buffer. 



PREPARATION OF CELITE 

Diatomaceous earth for swimming pool filters 
("Sentry" USA) was washed with water to remove 
fines and then washed with 5N HCI, and methanol. 
The slurry was packed into a column (5.0 x 27.0 
cm) and equilibrated with running buffer (50 mM 
imidazole, 5 mM EDTA, 2 mM benzamidine, 1 mM 
dithiothreitol, pH 7.4) 



IMMUNOASSAY FOR 12D3 

12D3 antigen was identified throughout the pu- 
rification by spotting and drying 5 ml aliquots of 
each fraction on to nitrocellulose-backed millititre 
plates ("Millititer HA", Millipore Corporation USA) 
and performing a dot-blot assay as described by 
Hawkes et al Anal Biochem 119, (1982) 142-147 
with the exception that the blocking agent used 
was 5% (w/v) skim milk powder ("Carnation" Aus- 
tralia). Blank wells containing antigen but no pri- 
mary antibody A12D3 were routinely run. 



2D ELECTROPHORESIS. 

2D electrophoresis was performed as de- 
scribed by O'Farrel J. Biol. Chem (1975) 250, 
4007-4021 . 



DETAILS OF THE PURIFICATION.. 

All steps were carried out at 0-4 *C unless 
otherwise stated. 

B. bovis infected erythrocytes were harvested 
from splenectomised calves and concentrated as 



described previously (Mahoney, Experimental Para- 
sitology 20, 301-341 (1967)). The 100% infected 
intact red blood cells were diluted two fold with 
phosphate-buffered saline (PBS) and stored frozen 
5 at -70 °C. The frozen cells (50 ml) were thawed 
under running tap water in the presence of an 
equal volume of 100 mM imidazole, 10 mM EDTA, 
4 mM benzamidine and 2 mM dithiothreitol, pH 7.4 
and sonically disrupted for 2 mins at 50 W in a 
io cooled cell (Braun Labsonic, Model 1510). This 
treatment was sufficient to render the parasites 
non-infective (data not shown). The sonicate was 
centrifuged for 12 h at 100,000 x g and the super- 
natant applied to the celite column equilibrated with 

T5 running buffer. The column was washed with the 
same buffer at 150 ml/h until protein was no longer 
detectable. The 12D3 antigen was then eluted with 
running buffer containing 1 M NaCI, total volume 
300 ml, concentrated on an ultrafilter fitted with a 

20 YM 10 membrane (Amicon) to a volume of 50 ml, 
and dialysed overnight against 50 mM imidazole, 
150 mM NaCI, 50% glycerol, pH 7.4. 

After dialysis, the celite fraction was diluted 
with an equal volume of 50 mM imidazole, 150 mM 

25 NaCI, pH 7.4 (Affinity column running buffer) and 
the sample allowed to cycle at 50 ml/h through 
columns of Sepharose 4B (2.6 x 15 cm), Tris- 
blocked Tresyl-activated Sepharose 4B (1.6 x 2 
cm) and A12D3-Sepharose 4B. The columns were 

30 washed with 200 ml of affinity column running 
buffer, the monoclonal antibody affinity column dis- 
connected, and washed with 50 mM imidazole. 1 M 
NaCI, pH 7.4 (100 ml), followed by affinity column 
running buffer (200 ml). 

35 Antigen was eluted from the column with 50 
mM triethylamine-HCI pH 11.4 in 2 ml fractions 
containing 0.4 ml I M imidazole, pH 7.4. The eluate 
was concentrated to approximately 0.5 ml using 
Amicon "Centricon" concentrators with YM-10 

40 membranes. The final material was frozen In liquid 
nitrogen and stored at -20° C. 



ELECTROPHORESIS 

45 

SDS electrophoresis was performed as by 
Tsang et al (1983) Methods in Enzymology 92 277- 
391 except that samples were heated at 95 C for 
20 minutes in the presence of 1% SDS and 1% 

so mercaptoethanol. Immnunoblotting and silver stain- 
ing procedures were performed according to Tsang 
et al (1 983). Supernatants of monoclonal antibodies 
were used at 1:10 dilutions and goat anti-mouse 
antibody which was peroxidase labelled at 1:500 

55 dilution. 



RESULTS 
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A purification scheme for a typical preparation 
is shown in Table I. Estimation of the protein is 
purely qualitative because of the small amounts of 
protein available for assay. However, it was ob- 
served consistently that dot blot assays using the 
crude extract showed weak activity which was mar- 
kedly enhanced with fractions obtained after celite 
chromatography. Celite breakthrough and affinity 
column fractions were devoid of 12D3 activity, even 
after concentration and re-assay. Assuming no loss 
of yield throughout the purification, the purification 
represented an approximately 30.000 fold enrich- 
ment from the soluble 100,000 x g fraction. Final 
amounts of antigen were consistently 40-80 ug per 
preparation, approximately 2 ug per ml of 100% 
infected red cells. 

Figure 1 shows SDS-PAGE of the antigen un- 
der reducing conditions; there were consistently 
two dominant silver stained bands of approximately 
M r 38,000 which were just resolvable, and occa- 
sionally an additional minor band circa M r 22,000 
(Figure 1a). A similar gel pattern was evident with 
Coomassie Blue R-250 staining. However with this 
dye the M r 22,000 band stained more intensely 
(Data not shown). Similar pattern was observed 
when blotting with the A12D3 monoclonal antibody 
was carried out, with the ca 22kD band blotting 
only very weakly. The M r 38,000 band consistently 
blotted with the A12D3 antibody. No other bands 
are apparent by either silver staining or im- 
munoblotting. Data (not shown) demonstrated that 
the electroblotting profile as observed is A12D3 
antibody dependent. 

Crude 100,000 x g supernatant, and the frac- 
tion eluting with 1M NaCI from celite were elec- 
trophoresed and immunobiotted. It was seen that 
12D3 is a single dominant antigen of approximately 
M r 38,000 and that the relative molecular weight 
does not vary throughout the purification. This sug- 
gests that no significant size modification of the M r 
subunit has occurred as a result of the purification. 

The affinity purified antigen was subjected to 
further analysis by 2D-electrophoresis (Figure 3). 
The silver stained gel showed one major spot of M r 
38,000 and a number of minor spots, possibly 
antibody contaminants. In Figure 3 the gel was 
blotted with A12D3 antibody. As with conventional 
electrophoresis, only the protein visible by silver 
staining appeared to immunoblot "Nonsense" 
monoclonals made to horse red blood cell antigens 
also had no reaction with the M r 38,000 spot. 

The 12D3 antigen was injected with tho ad- 
juvant into cattle. After three months, a titre of 
1:150,000 was obtained as judged by radioim- 
munassay, using established protocols (Wright et al 
t 1983) referred to above. Western blot analysis 
showed one major band M r 38,000 and a minor 
band M r 200,000 (data not shown). The high mo- 



lecular weight band is consistently seen with 
"control" cattle experiencing an inflammatory reac- 
tion, and could be a consequence of the adjuvant 
(Dr B Goodger, Personal communication). 
5 The IFA staining pattern is shown in Figure 4. 

Bovine antisera to the purified 12D3 antigen dem- 
onstrated predominantly parasite staining, consis- 
tent with the pattern as seen with the A12D3 mon- 
oclonal. 

w The purified 12D3 antigen was subjected to 

limited amino acid sequencing by the gas phase 
procedure on an Applied Biosystems Sequenator 
coupled to PTH amino acid detection by HPLC on 
a Dupont uBondapak C 8 column. Sequence data 

75 for residues 3-25 is given in Table 2. For each 
cycle, two amino acids appeared in approximately 
equal amounts, and a minor contaminant at 10% of 
the total peak area was also .discernible. Two poly- 
peptide chains were apparent, in approximately the 

20 same amounts which ruled out an unequivocal as- 
signment of each amino acids to a particular chain. 

Having regard to the above disclosure the ap- 
pearance of two polypeptide chains in approxi- 
mately equal amounts in the final product ruled out 

25 an unequivocal assignment of each amino acid to a 
particular polypeptide chain. Further experimenta- 
tion has allowed an unequivocal assignment of 
each amino acid to a particular chain, and the 
subsequent construction of relevant oligonucleotide 

30 probes. This further experimentation and the re- 
sults obtained are the subject of the present ad- 
dendum. 

The material eluting from the affinity column 
constructed using the A12D3 monoclonal antibody 

35 was subjected to preparative SDS-mercaptoethanol 
polyacrylamide gel electrophoresis in the usual 
manner. At the end of the run, protein bands were 
visualised by immersion of the gel in ice-cold 0.25 
M KCI for 16 h (Hager & Burgess, Anal Biochem 

40 109. 76 (1980) and the M r 38000 and M r 22000 
proteins became evident as white bands against a 
black background. The respective bands were ex- 
cised, and subjected to electroelution at 50V, 23 
mA for 6 h in a custom-made eiectroelution ap- 

45 paratus. The basic details were similar to those 
described by Stearne et al J. Immunology 134, 
443-448 (1985). The electTbelutod materials (0.8 
ml) were transferred to siliconised borosilicate 
glass centrifuge tubes and 7.2 ml of -20 = C metha- 

so nol was added to each tube in two 3.6 ml aliquots. 
A precipitate developed and was allowed to stand 
over night at -20 *C. The tubes were centrifuged at 
10,000 x g for 1 h, the supernatants removed, and 
the precipitates dissolved in 200 ml 50 mM 

55 NH4HC03 containing 0.05% SDS. A sample (20 
ml) was removed for analytical SDS-mercap- 
toethanol polyacrylamide gel electrophoresis and 
the rest stored at -20 ' C. Analytical SDS-mercap- 
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toethanol polyacrylamide electrophoresis resolved 
subunits M r 38000 and M r 22000 respectively with 
no apparent contamination. The purified M r 38000 
protein was subjected to limited amino acid 
sequencing by the gas phase procedure on an 
Applied Biosystems Sequenator as previously de- 
scribed. 

Sequence data for residues 1-29 for the M r 
38000 protein are given in Table 3. 

The unequivocal assignment of amino acids to 
the M r 38000 polypeptide chain has enabled the 
construction of a nucleotide probe for gene bank 
screening. That chosen is shown in the 
"Preparation of the Probe". It will also be appre- 
ciated that the babesiosis component of the inven- 
tion includes within its scope not only a protein or 
peptide including the abovementioned amino acid 
sequence but also artificially created derivatives 
(e.g. by peptide synthesis or by recombinant DNA 
procedures including nucleotide substitution, inser- 
tion or deletion). 

It will also be appreciated that other species of 
Ba ^esia may be utilised other than B. bovis . For 
example, B. canis , B. ovis , B. divergeni"7~B. equi 
or B. bigemina may be utilised^ Also it will bT clear 
to the man skilled in the art that particular strains 
(e.g. Samford or Lismore strain) of a particular 
Babesia species (e.g. B. bovis ) may be utilised. 
This will include for example naturally or artificially 
induced mutants of the aforementioned strains or 
species. 

It will also be appreciated that the invention 
also includes within its scope any antigens recog- 
nised by the A12D3 monoclonal antibody which are 
also characterised by the data set forth below. The 
invention includes within its scope the monoclonal 
antibody per se. 



VACCINATION TRIAL WITH A12D3 NATIVE 
ANTIGEN 

Fifteen castrated adult Bos taurus male animals 
were purchased from an area known to be free 
from Boophilus microplus , the tick vector for B. 
povl 's and B. bigemina in Australia. The sera or the 
animals were then screened by both ELISA and 
IFA to determine that their sera contained no anti- 
bodies to either Babesia species. The susceptible 
animals were then divided into three groups, each 
of five cattle. 

Group 1 received 1 jxg of affinity purified native 
12D3 antigen in 1 ml of normal saline and 1 ml of 
freunds Complete Adjuvant (FCA) as a water-in-oil 
emulsion by subcutaneous injection on day 0 and 
28. 

Group 2 received 10 ug of the antigen in 1 ml 
of normal saline and 1 ml FCA as a water in oil 



emulsion on days 0 and 28. 

Group 3. the control group received 1 ml nor- 
mal saline and 1 ml FCA as a water-in-oil emulsion 
on days 0 and 28. 
5 Serum samples were taken from all animals on 

days 0,14,28,42,49,and 56 and tested by both 
ELISA and IFA for antibodies. Animals were chal- 
lenged with 1 x 10 8 virulent B. bovis. of the Lis- 
more strain (heterologous). The mean IFA titres 
10 day 56 were 

Group 1 1/200 
Group 2 1/400 
Group 3 < 1/50 

All animals vaccinated with the 12D3 antigen 
15 had specific parasite staining with IFA, a similar 
staining pattern to that seen with the monoclonal 
antibody A12D3. ELISA titres were weakly positive 
with all vaccinated animals. 

Upon challenge there was a two-day delay in 

20 the onset of parasitaemia in groups 1 and 2 which 
was highly significant statistically (p<0.01). How- 
ever, by day 6 post-infection all animals had de- 
tectable parasitaemias. Parasitaemias of group 1 
animals were not significantly different from those 

25 of the controls (group 3) by day 9, and 3/5 animals 
in both group 1 and group 3 were treated on days 
10 and 11 (Figure 5a). The parasitaemias in group 
2 (Figure 5b), however, were significantly lower 
than those in the control group for the duration of 

30 the experiment, the mean maximum on day 9 
being 10,167 parasites/ul of blood in group 3 and 
578 parasites/ul blood in group 2, No animals in 
group 2 required treatment, whereas 3 of 5 controls 
were treated with a babesiacide. These results are 

35 significant in that they show a dose response effect 
with the native 12D3 antigen and as little as i ug 
induced a significant delay in the onset of para- 
sitaemia. Moreover, sera from these animals im- 
munoblotted both native and recombinant 12D3 

40 antigen. 



ISOLATION OF TOTAL RNA FROM BABESIA 
BOVIS-INFECTED ERYTHROCYTES 

45 

Blood was obtained from a calf hyperinfected 
(10-15%) with the Samford strain of Babesia bovis . 
The whole blood was spun down to pellet the 
erythrocytes. The pelleted erythrocytes were re- 

50 suspended in five volumes of PBS pH 7.2 by 
inversion and the centrifugation repeated to effect 
washing of the erythrocytes. This step was re- 
peated a further time to complete washing of the 
erythrocytes. The erythrocytes were then pelleted 

55 as before. 

To prepare 100% infected cells, samples of the 
pelleted erythrocytes were treated with five vol- 
umes each of NaCI solutions which varied in con- 



10 



DCCID: <EP 0417524A1_I_> 



19 



EP 0 417 524 A1 



20 



centration from 0.15 to 0.85% NaCI to deiermine 
the concentration of saline effecting lysis of unin- 
fected cells preferentially to infected cells. In this 
case the concentration determined was 0.35% 
NaCI. 5 

The remaining erythrocytic pellet was treated 
with five volumes of 0.35% NaCI for 15 minutes 
and then centrifuged (GSA rotor, Sorvall, 3000 rpm, 
20 minutes, room temperature) to pellet the whole 
infected cells. The supernatant containing "ghosts" io 
of uninfected cells and cell debris was discarded. 

The pellet was resuspended in one volume of 
PBS pH 7.2 and the resulting suspension passed 
through a Whatman CF11 cellulose column, pre- 
equilibrated with PBS. to remove the white cells J5 
and platelets. The erythrocytic band of the column 
is highly visible and generally elutes with two to 
three column volumes of PBS. 

The 100% infected erythrocytes were pelleted 
by centrifugation at room temperature in a Sorvall 20 
GS4 rotor (3000 rpm, 15 minutes) and the super- 
natant was discarded. The pellet was resuspended 
to 50% (v/v) of infected cells in PBS. 

10 ml of infected cell suspension were placed 
in a polypropylene centrifuge to which was added 25 
10 ml of guanidinium isothiocyanate stock (Gl mix) 
at 60° C. The tube was maintained at 60* C in a 
water bath with gentle mixing until the solution 
went very viscous, indicating that total lysis of the 
erythrocytes and parasites had taken place with 30 
concomitant release of babesial DNA. The tube 
was removed from the bath and sonicated (100 
Watts, 1 minute) to reduce the viscosity by shear- 
ing the liberated DNA. 

25 ml of phenol (equilibrated with 1 M Tris/HCI, 35 
pH 7.4) was added to the tube and incubated at 
60° C with thorough mixing. 12.5 ml of buffer (0.1 
M sodium acetate, pH 5.2; 10 mM Tris/HCI, pH 7.4; 
1 mM EDTA, pH 8.0) at 60° C was added to the 
tube with thorough mixing. 25 ml of 40 
chloroform/isoamyl alcohol (24:1) were added to 
the tube and the tube was shaken vigorously for 
10-15 minutes at 60* C. 

The tube was cooled on ice for 45 minutes and 
then centrifuged (GSA rotor, Sorvall, 5500 rpm, 15 45 
minutes, 4*C) which resulted in the separation of 
two phases. The aqueous (top) phase was recov- 
ered, avoiding the debris at the interface, and was 
re-extracted with an equal volume of 
phenol/chlorofornvisoamyl alcohol (25:24:1 ) at room 50 
temperature for 5 minutes. The mixture was cen- 
trifuged (SS34 rotor, Sorvall, 10,000 rpm, 10 min- 
utes, room temperature) and the aqueous phase 
was again recovered. The aqueous phase was fur- 
ther extracted with chloroform/isoamyl alcohol 55 
(24:1) at room temperature. The mixture was cen- 
trifuged for 1 minute at 3000 rpm at room tempera- 
ture in an MSE bench top centrifuge and the aque- 
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ous phase recovered. 

Two volumes of absolute ethanol at -20 ° C 
were added to the aqueous phase and incubated 
overnight at -20° C to precipitate the nucleic acids. 
The nucleic acids we re recovered by centrifugation 
(SS34 rotor, Sorvall, 10,000 rpm, 20 minutes, 4* C). 

The recovered pellet was redissolved in 12 ml 
of double-distilled water and 4.8 grams of caesium 
chloride (Nucleic Acid Grade, Boehringer Mann- 
heim) were added and dissolved. The resulting 
mixture was centrifuged (SS34 rotor, Sorvall, 
10,000 rpm, 10 minutes, room temperature) and 
the supernatant was recovered. 

To a 12 ml polypropylene centrifuge was ad- 
ded 4 ml of 5.7 M caesium chloride. The clarified 
nucleic acid solution was carefully layered on top 
of the caesium chloride solution and the tube was 
centrifuged (TST 41.14 rotor, Kontron. 30,000 rpm. 
16 hours. 17° C). The supernatant was removed by 
careful aspiration and decantation with a pasteur 
pipette leaving an opalescent RNA pellet. 

The RNA pellet was redissolved in 400 i±\ of 
sterile, double distilled water and precipitated by 
the addition of 40 u.l of 3 M sodium acetate, pH 5.2 
and 880 ul of absolute ethanol, and storage at 
-20 "C overnight. 



CHARACTERISATION OF BABESIA TOTAL RNA. 

The RNA was recovered by centrifugation 
(Eppendorf, 15 minutes, 14,000 rpm, 4*C) and the 
RNA pellet was redissolved in sterile, double dis- 
tilled water. The ratio of the Absorbance at 260 
nms to the Absorbance at 280 nms was taken as a 
measure of the purity of the RNA and was shown 
to be 2.0. 

Analysis of the RNA by electrophoresis on an 
agarose gel indicated sharp 18S and 28S 
ribosomal bands and RNA of high molecular 
weight. 



PREPARATION OF POLY A + RNA. 

PolyA* RNA was prepared using oligo-dT cel- 
lulose according to the procedures of Aviv, H. and 
Leder, P.(1972) Proc. Natl. Acad. Sci 69, 1408- 
1412. as detailed in Molecular Cloning: A Labora- 
tory Manual , Maniatis, T., Fritsch, E.F. and Sam- 
brobk, J.(1982) Cold Spring Harbor Laboratory. The 
preparation of RNA from Babesia bovis has also 
been described in a previous patent 

SYNTHESIS OF cDNA FROM POLY A + RNA. 

The synthesis was conducted using a kit 
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(Amersham International pic), which was based on 
the procedures of Gubler, U. and Hoffman. B.J., 
(1983) Gene 25, 263-269. 

The instructions for the synthesis kit were fol- 
lowed exactly. The components were stored at 
-20 C until required and thawed at room tempera- 
ture and then stored on ice until use. The poly A* 
RNA (1 ug) in distilled water was heated to 70 ° C 
and then cooled rapidly on ice before synthesis of 
the cDNA took place. At the completion of the the 
cDNA synthesis the cDNA reaction mixture was 
loaded onto a column of Sephadex G-50 
(Pharmacia, Nick column) previously equilibrated 
with STE buffer (TE containing 10 mM NaCI) and 
eluted with STE buffer. Fractions of 400 ul were 
collected and and a scintillation counter used to 
determine the amount of radiation by Cerenkov 
counting. A sample of the extracted aqueous phase 
was kept and similarly counted. 

The cDNA was eluted in the second fraction 
and the unincorporated nucleotides were eluted in 
fraction 4-5. 

Measurement of the incorporation of labelled 
dCTP (2%) indicated that 560 ng of double-strand- 
ed cDNA was obtained indicating a 28% yield of 
cDNA based on the amount of mRNA . 



CLONING OF cDNA WITH \gt10. 

cDNA was prepared and cloned into \gtl0 
using the Amersham"" \gt10 cloning kit according 
to the following procedures. 

The babesia cDNA (1 ug) was methylated us- 
ing EcoFM methylase in the presence of S-ad- 
enosylmethionine for 60 min at 37* C, followed by 
inactivation of the methylase at 70 *C for 10 min. 
EcoR1 linkers were attached to the cDNA by liga- 
tion overnight with T4 DNA ligase, followed by 
inactivation at 70* C for 10 min. 

The linkered cDNA was digested with EcoR1 
(37 ' C, 5 hr) and the excess linkers removed by 
gel chromatography. Fractions containing the cDNA 
as judged by Cerenkov radiation were ethanol 
precipitated. The precipitated cDNA (400 ng) was 
ligated into XgtIO arms in the presence of T4 DNA 
ligase (10 units) at 15* C overnight 

The ligation mix was packaged using the in 
vitro packaging mixes supplied by Amersham for "2 
hrs at room temperature, at which stage 500 ul of 
sterile media were added. 

The number of recombinants was determined 
by titration on two strains: L87, which allows both 
non-recombinants and recombinants to grow and 
NM514 which allows only recombinants to grow. 
An analysis of the data indicated that the library 
consisted of 363000 plaques of which 94% were 
recombinants. 



Twelve plaques were selected and used to 
infect L87 cells until lysis occurred. The lysed cells 
were centrifuged, 5000 rpm, 10 minutes to remove 
cell debris and phage DNA was prepared from the 

5 supernatant. The DNA was digested with EcoR1 
en2yme and electrophoresed through 0.8% 
agarose in the presence of ethidium bromide(0.5 
ug/ml). Visualisatio; i of the gel by exposure to UV 
light indicated that at least 8 of the 12 clones 

w contained inserts ranging from 600 - 1000 bp. 

SCREENING OF THE LIBRARY. 

75 

Preparation of probe. 

A synthetic oligonucleotide was designed 
based on an amino acid sequence obtained from 

20 the N-terminal portion of a purified sample of 12D3 
protein obtained from Babesia bovis -infected red 
blood cells (see sequence of 12D3 protein). The 
sequence selected for the preparation of the 
oligonucleotide was; 

25 -Methionine-Tyrosine-Aspartate-Glutamine- 

Asparagine-Glycine-Lysine- because it required 
the least degenerate (i.e. the least number of DNA 
sequences to be prepared allowing for multiple 
codons). The DNA sequence prepared was com- 

30 plementary to the coding strand and is (reading 
from the three prime end): 

3'-TAC-AT(A or G)-CT(A or G)-GT(T or C)-TT(A or 
G)-CC(A,T,G or C)-TT 

35 

Labelling of the synthetic oligonucleotide 

The synthetic oligonucleotide was labelled in 
the following manner: 

40 20 pmoles of the oligonucleotide was prepared in 
23 uls of water, to which was added 5 ul of ten 
times kinase buffer, 20 ul of t 32 P-ATP (3000 
Ci/mmol), and 1 ul of T4 DNA polynucleotide 
kinase (10 units). The reaction mix was incubated 

45 for 1 hour at 37* C. The reaction was stopped by 
the addition of EDTA and chromatographed on a 
Sephadex column to remove unincorporated ^P. 

50 Screening of library 



45,000 recombinants of the library in M0 wore 
plated out on three large petri dishes containing LB 
agar using NM514 plating cells. Plaques were al- 
55 lowed to grow at 37* C for 7 hours at which time 
the plates were removed from the incubator and 
placed in the refrigerator. Copies of the plaques 
were made by transferring to discs of Hybond N 
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(Amersham) in duplicate and marking the plates 
and the filters with India ink and a needle. The 
filters were denatured with 0.5 M NaOH, 1.5 M 
NaCI; followed by neutralisation with 0.5 M Tris. 1.5 
M NaCI and rinsing in 2XSSC. The filters were air 
dried briefly and exposed. DNA side down, to a 
transilluminator (256 nms) for 3.5 minutes. 

The filters were then prehybridised in the fol- 
lowing buffer system; 

6XSSC, 5xDenhardts solution, 0.5% SDS 20ug/ml 
denatured salmon sperm DNA at 43° C for four 
hours. The filters were then hybridised overnight 
with labelled synthetic oligonucleotide (specific ac- 
tivity 30 million dpm/pmol) at a concentration of 2 
million dprn/ml of hybridisation fluid (same recipe 
as prehybridisation fluid). The filters were then 
washed with 4XSSC containing 0.1% SDS, three 
times for 40 minutes at 43 ° C. The filters were then 
exposed to X-ray film (Kodak X-AR) at -80 °C over- 
night using two intensifying screens. 

Positive plaques were indicated if the signal, 
was present on each of the duplicate filters. These 
plaques were picked using a sterile pasteur pipette 
and resuspended in 1 ml of sterile medium con- 
taining a drop of chloroform. Seven positives were 
so identified and replated using NM514 cells and 
the cycle of prehybridisation, hybridisation and 
washing repeated as above. Six of the seven 
clones were successfully hybridised in this second 
screen and positive plaques were picked as de- 
scribed above. In this way the recombinant 
Babesial cDNA was purified. For each of the 
plaque purified clones, a single plaque was picked 
and resuspended in 1 ml of sterile medium, 200 
ll!s of the resuspended plaque was plated out on a 
large plate of LB medium using NM514 cells and 
grown until confluent lysis had been obtained. The 
plate was then overlayed with 8 mis of cold sterile 
medium and stored in the refrigerator overnight to 
allow the phage to diffuse into the medium. The 
medium was recovered with a sterile pipette and 
centrifuged for 10 min at 10,000 rpm at 4°C. To 
the clarified supernatant was added an equal vol- 
ume of polyethylene glycol (20% v/v) and 2M 
NaCI, and then mixed thoroughly. The mixture was 
allowed to sit on ice for 60 minutes, and then 
centrifuged for 20 min at 10,000 rpm at 4*C to 
pellet the phage. The supernatant was decanted off 
and the tube allowed to drain thoroughly before 
resuspending the pellet with 800 uls of sterile 
medium. A centrifuge tube was prepared contain- 
ing a 1 ml cushion of 5 M CsCI in sterile medium 
upon which was layered a 3 ml shelf of 3 M CsCI 
in sterile medium. The resuspended phage was 
layered onto the top-most shelf and the tube was 
centrifuged in the TST 55.5 Kontron rotor for 1 
hour at 30,000 rpm at 20* C. 

The phage was seen to band at the interface 



between the 3 M CsCI shelf and the 5 M CsCI 
cushion, and with the aid of a collimated light 
source the phage band was recovered using a 1 ml 
syringe fixed with a 21 gauge needle injected 
5 through the tube beneath the phage band. 

DNA was prepared from the phage according 
to the formamide method of Davis, Botstein and 
Roth (A Manual for Genetic Engineering: Advanced 
Bacterial Genetics, Cold Spring Harbor, 1980) The 

w DNA was analysed by digesting 5 uls of the dis- 
solved DNA with EcoR1 restriotion enzyme and 
electrophoresing through an agarose gel with DNA 
size markers as a control. Each of the samples 
contained inserts clone 1 (1-15 kbp), clone 2 (0.47 

75 kbp), clone 3 (0.93 kbp) olone 4 (2.8 kbp, 1.85 kbp, 
0.8 bp) and clone 5 (1 .06 kbp). 

The DNA insert was subcloned into the vector 
pGEM 4, or pGEM 3Z or pGEM7ZF (Promega 
Biotec) and transformed into cells JM105 or JM83 

20 made competent using calcium chloride. Positive 
clones were selected on media containing ampicil- 
lin, X-gal and IPTG by the presence of a white 
colour. Clones were toothpicked into LB medium 
containing ampicillin and grown overnight with 

25 shaking at 37* C. DNA was prepared from these 
cultures using the rapid DNA method of Birnboim 
and Doly as described in Maniatis, Fritsch and 
Sambrook; ( Molecular Cloning: A Laboratory Man- 
ual , Cold Spring Harbor, 1982). Plasmid DNA 

30 prepared in this manner was named pBbl 1, pBb2l, 
pBb31 and pBb51 for clones 1.2,3 and 5 respec- 
tively referred to above. The DNA was prepared for 
sequencing by denaturing with NaOH, neutralising 
and ethanol precipitating. The pellet was recovered 

35 by centrifugation and redissolved in 6 ml of dis- 
tilled water, 3 u\ of sequencing primer(10 mg/ml) 
corresponding to either the T7 RNA polymerase 
promoter sequence or the SP6 RNA polymerase 
promoter sequence, and 1 ul of 10 X Klenow 

40 buffer(100 mM Tris HCI. pH 7.5, 500 mM NaCI). 
The dissolved DNA was equilibrated at 37 # C for at 
least an hours The DNA was sequenced using the 
dideoxy method of Sanger and using the reagents 
and procedures of Promega Biotec. 

45 The entire DNA sequence of clone 5 (called 

pBb51, Figure 6) was determined by preparing 
deletions of the plasmid using exonuclease HI and 
mung bean nuclease according to the procedures 
of Stratagene. Sequence of the terminal regions of 

so the clone 3 (pBb3l) and clone 4 (pBb41) were also 
determined to verify their identity. All three clones 
contained identical sequences and presumably 
were transcribed from the same gene. 

When the DNA sequence was conceptually 

55 translated (Figure 7), an open reading frame was 
detected that corresponded to the amino acid se- 
quence determined on the purified antigen. This 
confirmed that this cDNA coded for the 12D3 anti- 
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gens An analysis of the amino acid sequence in- 
dicated a potential signal peptide at the N-terminal 
region of the antigen which may be involved in the 
secretion of the antigen. This sequence of protein 
contained all the features usually found with a 
signal peptide including a charged residue in the 
first five amino acids, a long stretch of hydrophobic 
residues, followed by a helix breaker (glycine, or 
glutamine) and an alanine at the site of cleavage. 
The site of cleavage is confirmed by a comparison 
of the sequence obtained from the protein and the 
sequence deduced from the cDNA. In addition, 
there is one potential site for N-glycosylation. 

An important characteristic of the 12D3 antigen 
is that it contains a large number of cysteine resi- 
dues in the mature protein (21 total)(there is also 
one cysteine in the signal peptide). These residues 
are clustered in the N-terminal half of the protein 
and the spacing of some of them has a remarkable 
similarity to the EGF (epidermal growth factor) do- 
mains of a variety of proteins. Two such EGF-like 
domains may be identified in the 12D3 antigen. 
Given that there is an odd number of cysteine 
residues in the mature protein, then there must be 
at least one not involved in disulfide bond forma- 
tion. Aside from this structural similarity of a few of 
the cysteine residues, there is no other significant 
similarity of the 12D3 antigen with any known anti- 
gen or protein in the data-bases. 



EXPRESSION OF 12D3 ANTIGEN IN ES- 
CHERICHIA COLI 

The expression of 12D3 antigen was tested in 
a number of vectors of Escherichia coli . Three 
different expression vectors have been examined to 
demonstrate the generality of the principle and 
recombinant antigen from two of these has been 
tested in vaccination trials using beef cattle ( Bos 
taurus ). Expression of the antigen in E. coli was 
obtained in the following manner. ~~ — 



Expression with pUC9 

The insert cDNA of pBb31 contains the coding 
region for all but the first several amino aids of the 
signal peptide. The EcoRl site allows the cDNA 
insert to be in frame with the genes of number of 
expression vectors. Thus, the cDNA was cloned 
into pUC9 (EcoRl site) and expression of the fu- 
sion protein (with the a-complementation factor) 
achieved with induction by IPTG was achieved. 
Only small yields of fusion protein were found in 
the supernatant after lysis with lysozyme, and it 
was subsequently discovered that most of the fu- 
sion protein could only be solubilised using SDS. 



Fusion protein produced after treatment of cells 
with lysozyme blotted specifically with the A12D3 
monoclonal antibody. For the purposes of a vac- 
cination trial, fla?ks of LB broth containing ampicil- 

5 lin (20 ug/ml) and IPTG (25 ug/ml) were inoculated 
with 1/100 volume of a saturated culture of 
PUC19D3 in JM83. The cultures were grown over- 
night with vigorous shaking and the bacteria recov- 
ered by centrifugation. The pellet from a total of 27 

w litres of culture was resuspended in lysis buffer (25 
mM Tris, 50 mM glucose, 10 mM EDTA, pH 8.0) 
and 2 mg/ml lysozyme. This suspension was then 
brought to 37° C for 5 minutes and was imme- 
diately pooled on ice and centrifuged to remove 

/5 the bacterial debris. Ammonium sulfate was added 
to the supernatant and the precipitate was removed 
by centrifugation. Ammonium sulfate was added to 
give 50 g/ml and this preoipitate was recovered by 
centrifugation and redissolved in 50 mis of phos- 

20 phate buffered saline. 



Expression with pRIT5 

25 The same cDNA was inserted into the vector 

pRIT5 (Pharmacia) and expression achieved as a 
fusion with Protein A. The recombinant protein in 
this case also blotted with the monoclonal antibody 
A12D3, but low level expression of soluble protein 

30 only was detected. 



Expression using pGEX-3X 

35 Similarly the cDNA was inserted into the vector 
pGEX-3X so that that 12D3 antigen was expressed 
as a fusion protein with glutathione-s-transferase. 
Expression in the vector, pGEX-3X gave only low 
level of expression of soluble protein whereas ex- 

40 traction with SDS indicated that upwards of 10% of 
total protein might be 12D3 fusion protein. This 
compared with the pUC19D3 fusion protein above. 
It was evident that the majority of the protein was 
expressed as a high molecular weight aggregate 

45 associated with membranes. Methods for the 
solubilisation of the 12D3 fusion protein were ex- 
amined. It was discovered that the fusion protein 
could not be solubilised by sonication alone, or by 
sonication in the presence of Triton X-100. The 

50 12D3 fusion protein was solubilised using sonica- 
tion in the presence of 0.5% SDS and 0.1% 0- 
mercaptoethanol. For the purpose of a vaccination 
trial, the sonicate was clarified by centrifugation, 
and the solubilised material was concentrated using 

55 ammonium sulfate (10% w/v). The precipitate was 
redissolved in PBS and then dialysed against sev- 
eral changes of PBS at 4*C. 50 mis of 10% pure 
12D3 fusion protein at a protein concentration of 
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2.5 mg/ml was obtained from 3 litres of culture. 
The 12D3 fusion protein appeared to be soluble at 
this stage. 

THE 12D3 ANTIGEN IN STRAINS OF BABESIA 
BOVIS AND SPECIES OF BABESIA 



Strains of Babesia bovis w 

The presence of a gene encoding for the 12D3 
antigen in a number of strains of B bovis was 
demonstrated in the following manner. Samples of 
DNA were obtained from the following strains 75 
(Samford, Lismore, Ka) and digested with the en- 
zyme EcoR1 and electrophoresed through an 
agarose gel. The gel was denatured with alkali and 
neutralised and the DNA transferred to Hybond N 
nylon membrane. The filter was air-dried and the 20 
DNA baked onto the filter at 100* C. 

The filter was prehybridised in the following 
buffer (50% formamide, 5XSSPE, SxDenhardts, 
0.5% SDS. 20 ug/ml salmon sperm DNA at 42 C) 
and hybridised in the same buffer but with the 25 
inclusion of labelled cDNA obtained from pBb51. 
The filter was washed at 42* C with 0.1XSSC,0.1% 
SDS. An examination of the X-ray film (Figure 8) 
indicated a single band of hybridisation of size 3.6 
kbps in the Samford and Lismore strains, and a 30 
single band of size 4.8 kbps in the Ka strain. Since 
the hybridisation and washings were carried out at 
high stringency the probe must be hybridising to a 
DNA sequence which is quite similar to the the 
12D3 gene. Since the cDNA was obtained from the 35 
Samford strain it is likely that the remaining strains 
also contain a gene which encodes for a Samford- 
like 12D3 antigen. Significant protection was ob- 
tained in the vaccination trials using the Lismore 
strain to ohailenge a Samford antigen and this is 40 
consistent with the 12D3 antigen being present in 
all strains of B. bovis . 



Species of Babesia (Babesia bigemina) 45 

A cDNA library was prepared from mRNA of B. 
bigemina using the same procedures as described 
in this document for B. bovis , except that hex- 
anucleotides were usecTto randomly prime the first 50 
strand DNA synthesis on B. bigemina mRNA. The 
library was screened using the cDNA obtained 
from pBbSl which encodes the 12D3 antigen, us- 
ing conditions of hybridisation and washing such 
that 60% similarity between DNA duplexes would 55 
be required. A number of clones was obtained from 
the library using these procedures and some of 
these were suboloned into pGEM7ZF for sequen- 



cing as described for the B. bovis antigen. The 
DNA sequence, shown if Figure 9, from one of 
these clones (designated pBIG1) indicated high 
similarity with the 12D3 gene of B. bovis , and 
when the sequence was conceptually translated it 
yielded an amino acid sequence that maintained a 
high degree of homology. A comparison of the 
sequence of the B. bovis and the B. bigemina 
12D3 proteins is shown in Figure 10. It was noted 
that the spacing and occurrence of the cysteine 
residues of the putative EGF-like domains was 
identical between the antigens, with a high degree 
of homology in parts of this region (70-80%). It can 
be predicted with reasonable certainty that those 
regions where the amino acid sequence is con- 
served between the two strains indicate domains 
which are important to the function of the protein. 

It is evident that the cDNA from 12D3 (plA1, 
pBb51) could be used to obtain similar genes form 
a variety of Babesia species, including B. ovis , B. 
canis , B. divergens and B. equi . It is"alio" fikely 
thiFlhe "protein encoded by these genes could be 
used equally as well as vaccine candidates against 
these and other species of Babesia . 



Immunochemistry 

The A12D3 monoclonal antibody had been 
used in the IFA to demonstrate cross-reactivity with 
other species. Staining patterns (predominantly 
whole parasite only) similar to those described 
earlier in this patent for B. bovis were demon- 
strated in B. bigemina , B. "canis , B. equi and B. 
ovis . Polyvalent sera raised in cattle immunised 
with pure native 12D3 antigen (as described earlier) 
were also used in IFA and again cross-reactions 
were seen with all of the above mentioned species. 

ELISA was also performed on B. ovis antigen 
using A12D3 monoclonal. This reacted, albeit 
weakly, at a similar level to that seen in a similar 
crude B. bovis antigen. 

These data, taken together with the DNA data 
above are strongly supportive of the view that this 
antigen is highly conserved across all Babesia spe- 
cies. It can be predicted with reasonable accuracy 
that the 12D3 antigen as isolated from each spe- 
cies or produced through other moans such as 
genetic engineering would be a suitable component 
for a vaccine against the respective Babesia or- 
ganisms. 

TESTING OF 12D3 AS A VACCINE 

Material from the pUC9 and pGEX-3X expres- 
sion systems was examined in vaccination trials by 
vaccination with the recombinant protein followed 
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by challenge with virulent Babesia . In each case, 
significant protection was achieved as measured by 
the difference in parasitaemia between the control 
animals (vaccinated with adjuvant) and those vacci- 
nated with recombinant antigen. The degree of 
protection was not as significant as when using 
purified native antigen. 



PUC19D3 10 

Two groups each of five adult castrated Bos 
taums animals purchased from a tick free area arid 
shown by both ELISA and I FA to not have anti- 
bodies to B. bovis were vaccinated twice, four 15 
weeks apart with approximately 10 ug of recom- 
binant 12D3 antigen (using the pUCl9D3 construct) 
as a water-in-oil-emulsion in 1 ml FCA by subcuta- 
neous injection. These animals were then chal- 
lenged with 1 X 10 7 virulent B. bovis Lismore strain 20 
(heterologous) four weeks after the second vaccina- 
tion. Serum samples were collected from the ani- 
mals in weeks 0 l 2 a 4,6 l 7,and 8 of the vaccination 
regime. All vaccinated animals had weak positive 
reactions by ELISA at 8 weeks while by I FA the 25 
mean titre was 1/200. Control animals were nega- 
tive by ELISA and <150 by IFA. Upon challenge 
the vaccinated animals had significantly lower para- 
sitaemias than controls on days 5 and 6 (p<0.005, 
day 5; p,0.05. day 6) and the mean maxima were 30 
576,UI blood and 2860/ul blood from vaccinates 
and controls respectively (see Figure 11). One ani- 
mal in the vaccination group and three in the 
control group required treatment. 

Sera from vaccinated animals immunoblotted 35 
both the recombinant and native 12D3 antigens. 

PGEX-3X 

40 

Another experiment saw the vaccination of two 
groups of five animals with 20 ug of antigen pro- 
duced in the pGEX-3X vector) as water-in-oil emul- 
sions in Freunds Complete Adjuvant. Two vaccina- 
tions were given using followed by challenge as 45 
above. The results indicated not only a significant 
delay in the development of parasitaemia (Figure 
12) but a marked reduction in the levels of para- 
sitaemia over the majority of the course of the 
disease. The mean maximum parasitaemias on day 50 
9 were 15060/ul blood for controls and 2060/ul 
blood for the vaccinated group. The parasitaemias 
for the vaccinated group were significantly different 
from the controls. (p = 0.009). AH the controls were 
treated compared with only 1 of 5 vaccinates. It 55 
was evident that even when the recombinant anti- 
gen is denatured by SDS it is capable of producing 
a good level of protection against infection. 



The probable existence of many disulfide 
bonds together with the fact that the protein is 
secreted and processed and contains an N- 
glycosylation site would make it difficult to express 
the antigen fully in the native state in Escherichia 
colic . Nevertheless, the antigen as expressed and 
prepared from E. coli gave a good level of protec- 
tion in the experiments described above and would 
be suitable for inclusion in a vaccine against B. 
bovis . It is likely that a form of the recombinant 
antigen could be obtained using insect tissue cul- 
ture or related systems which would be more cor- 
rectly expressed and capable of producing a better 
protective response. The cDNA as cloned in this 
document would be suitable for such experiments. 

The invention also includes within its scope 
sequences substantially homologous thereto (i.e. 
sequences having greater than 40% homology over 
a length of 100 nucleotides or longer in the case of 
a DNA sequence and sequences having greater 
than 40% homology over a length of 30 amino 
acids or greater in the case of a protein). The term 
"substantially homologous thereto" may also in- 
clude within its scope DNA sequences showing 
cross hybridization with the 12AD3 cDNA under 
standard hybridization conditions. 

The antigens of the invention are also useful in 
this invention when used as a vaccine to be protec- 
tive against babesiosis particularly against homolo- 
gous challenge (challenge by the same strain or 
isolate of Babesia) as well as heterologous chal- 
lenge (challenge by different strains or isolates of 
Babesia). The antigens may also be protective not 
only against B bovis but also B. ovis , B bigemina f 
B canis and other strains of BabesiaT 

It is also noted, having regard to the foregoing, 
that the 38,000 kD sub-unit as described above is 
always associated with a further polypeptide of 
22,000 kD in the native form and it is not clear 
whether the 22,000 kD. component is a further sub- 
unit or chain or a bovine contaminants. 



Claims 

1. A method for the preparation of an antigen which 
when used in a vaccine ir protective against 
babesiosis including the steps of:- 

(i) purifying an antigenic fraction of Babesia ; 

(ii) sequencing the N-terminus of the purified 
antigenic fraction from step (i); 

(iii) preparing one or more synthetic 
oligonucleotides based on the sequence ob- 
tained from step (ii); 

(iv) preparing cDNA library from m-RNA derived 
from Babesia ; 

(v) screening the cDNA library using the syn- 
thetic oligonucleotide prepared from step (iii) as 
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a probe; 

(vi) purifying positive clone(s) and subcloning 
the cDNA into an expression vector; and 

(vii) expressing the clone(s) in the expression 
vector and obtaining the resultant antigen. 5 

2. A process as claimed in claim 1 wherein the 
antigenic fraction is purified by isolation of a cor- 
responding monoclonal antibody from a lysate of 
Babesia infected erythrocytes and subsequent pu- 
rification of the monoclonal antibody by attachment to 
of the monoclonal antibody to an immobilised sup- 
port and subsequent elution at a pH of between 
7.0-9.5 whereafter the monoclonal antibody is im- 
mobilised or insolubilized and coupled to the an- 
tigenic fraction prepared from Babesia infected 15 
erythrocytes which antigenic fraction is subse- 
quently eluted therefrom. 

3. A process as claimed in Claim 2 wherein the 
monoclonal antibody is eluted at a pH of 8.6 from 

said immobilised support. 20 

4. A process as claimed in Claim 3 wherein the 
antigenic fraction has a pH of between 6.0-9.5 
before and after contact with the monoclonal anti- 
body. 

5. A process as claimed in Claim 4 wherein the pH 25 
of the antigenic fraction is 7.4. 

6. A method as claimed in any preceding claim 
wherein a purified antigen obtained from the an- 
tigenic extract has a sub-unit of molecular weight of 
38,000. 30 

7. A method as claimed in Claim 6 wherein 
sequencing of the N-terminal amino acid end in- 
cludes a sequence Methionine-Tyrosine-Aspartate- 
Glutamine-Asparagine-Glycine-Lysine. 

8. An antigen prepared from a method as defined 35 
in any preceding claim. 

9. An antigen inducing protective immunity against 
homologous or heterologous challenge with 
Babesia of cattle having the following properties:- 

(i) one sub-unit having a molecular weight of 40 
38,000; 

(ii) an N terminus end of the 38,000 molecular 
weight sub-unit including the sequence 
Methionine-Tyrosine- Aspartate-Glutamine- 
Asparagine-Glycine-Lysine; and 45 

(iii) another polypeptide having a molecular 
weight of 22,000 which is bound or associated 
with Ihe sub-unit of molecular weight 38,000. 

10. An antigen inducing protective immunity 
against homologous or heterologous challenge with 50 
Babesia of cattle derived from babesia infected 
erythrocytes and which binds to a monoclonal anti- 
body derived from hybridoma MAbA1 2D3 lodged 

at the European Collection of Animal Cell Cultures 
under accession number 89072701. 55 

11. An antigen inducing protective immunity 
against homologous or heterologous challenge with 
Babesia of cattle which is derived from a gene 



showing a DIMA sequence substantially homolo- 
gous with the sequence shown in FIG 6. 

12. An antigen inducing protective immunity 
against homologous or heterologous challenge with 
Babesia of cattle having an amino acid sequence 
substantially homologous with the amino acid se- 
quence shown in FIG 7. 

13. An antigen inducing protective immunity 
against homologous or heterologous challenge with 
Babesia of cattle showing which is derived from a 
gene showing a DNA sequence substantially ho- 
mologous with the sequence shown in FIG 9. 

14. An antigen inducing protective immunity 
against homologous or heterologous challenge with 
Babesia of cattle having a partial amino acid se- 
quence in relation to a 38 kD sub-unit as shown in 
Table 3. 

15. An antigen as claimed in any one of Claims 11- 
14 obtained as a genetically engineered polypep- 
tide in the form of a fusion protein. 

16. An antigen as claimed in Claim 15 wherein the 
antigen is coupled to B-galactosidase. 

17. An antigen as claimed in Claim 15 wherein the 
antigen is coupled to glutathione-S-tranferase. 

18. A babesial antigen immunoreactive with an- 
tisera raised against a vaccine containing the anti- 
gen of any one of Claims 8-17. 

19. A monoclonal antibody immunoreactive with the 
antigen of any one of Claims 8-18. 

20. A monoclonal antibody derived from hybridoma 
MAbA1 2D3 lodged at the European Collection of 
Animal Cell Cultures under accession number 
89072701. 

21. A DNA sequence which when expressed in E 
coli produces a protein which is protective against 
babesiosis when administered as a vaccine and 
which elicits antibodies showing similar immunolog- 
ical reactivity with the monoclonal antibody of 
Claim 18 or 19 or antibodies raised against the 
antigens of any one of Claims 8-18. 

22. A DNA sequence having the structure shown in 
FIG 6 and a sequence substantially homologous 
thereto as well as structures cross hybridizable with 
said sequences under standard hybridization con- 
ditions. 

23. A DNA sequence having the structure shown in 
FIG 9 and a sequence substantially homologous 
thereto as well as structures cross hybridizable with 
said sequences under standard hybridization con- 
ditions. 

24. A vaccine containing the antigen of any one of 
Claims 8-18 in combination with an adjuvant. 

25. A test kit which may be used for detection of 
babesiosis including a monoclonal antibody as 
claimed in Claim 19 or 20. 

26. A vaccine containing an antigen derived from a 
DNA sequence as claimed in Claims 21, 22 or 23 
in combination with an adjuvant. 
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27. A probe for use in the method of Claim 1 
comprising a synthetic oligonucleotide wherein an 
N-terminal amino acid end includes the sequence 
Methionine-Tyrosine-Aspartate-Glutamine- 
Asparagine-Glycine-Lysine. s 

28. A polypeptide having a signal peptide se- 
quence as defined in FIG 6 which is cleaved prior 
to the polypeptide having secreted from a Babesia 
infected erythrocyte. 

29. A protein having a molecular weight of 38,000 w 
and having two EGF-like domains as shown in FIG 

13. 

30. An anti-idiotypic antibody displaying at least 
some of the immunogenic activity of the antigen of 
Claims 8-18. 75 
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SEQ ID NO: 1 

SEQUENCE TYPE: Nucleotide with 

corresponding protein 

SEQUENCE LENGTH: 1233 base pairs 

STRANDEDNESS : single 

TOPOLOGY: linear 

MOLECULE TYPE: cDNA to mRNA 

ORIGINAL SOURCE: Bovine erythrocytes 

infected with Babesia bovis 

IMMEDIATE EXPERIMENTAL SOURCE: 

cDNA library prepared from mRNA 



FEATURES 

from 135 - 207 signal peptide S 
from 208 to 1182 mature peptide S 

PROPERTIES : 



TTTTTTTTTT TTCTTCTGAT TTTAGCAAGA ACGTCGACTA TATTAAATTC ACTTGGTCGG 60 
CTTCTTGTGA CGCCTACTAT TGCTGCGAGA GTGTGTAGGT TTTTCCTTCA GGCATT^CTC 120 
TGAAAATACT ATT CG AC AT A CAAG ATG TTG GCT ACA CGT TTT GTT TTT AGT CTT TGC 177 

Met Leu Ala Thr Arg Phe Val Phe Ser Leu Cys 
-20 -15 

CTA TTT GTG GCT CAT CAA GGC GTC AAC GCC TTT TTC TAT CGT GCA GTT CCT 228 
Leu Phe Val Ala His Gin Gly Val Asn Ala Phe Phe Tyr Arg Ala Val Pro 
-10 -5 1 5 

ATG TAC GAT CAG AAT GGT AAG CTG GTT CCG GAT TCC TCT AAT ATA GGT CCT 27 9 

Met Tyr Asp Gin Asn Gly Lys Leu Val Pro Asp Ser Ser Asn lie Gly Pro 
10 15 20 

TCA TCC TTA CGA GTC GAG GCT ACT GGT GTT GGT AGG ATT TGT TCT ACT ATG 330 
Ser Ser Leu Arg Val Glu Ala Thr Gly Val Gly Arg lie Cys Ser Thr Met 
25 30 35 40 

CAA TCA GGT GTC TAT CTC GTC AAT CCT TAC GCT CAG CGC TGC CCA ATT GGG 381 
Gin Ser Gly Val Tyr Leu Val Asn Pro Tyr Ala Gin Arg Cys Pro lie Gly 
45 50 " 55 

AAG AGC AAA TGT GGA CCT GAG CAT GAT TCC ACC CTA GGA AAA TGT GCC ATG 432 
Lys Ser Lys Cys Gly Pro Glu His Asp Ser Thr Leu Gly Lys Cys Ala Met 
60 65 70 75 

TAC TCT GGT TGT TAC ACC ATC AGT GAC GAC TTC CGT GCT TGC TCA TGC TTG 483 
Tyr Ser Gly Cys Tyr Thr lie Ser Asp Asp Phe Arg Ala Cys Ser Cys Leu 
80 85 90 

CCT GAT TAC TTC GGC AAC CCT TAC AAG CAA TGT TTC AG A CAC TGT GAC ACG 534 
Pro Asp Tyr Phe Gly Asn Pro Tyr Lys Gin Cys Phe Arg His Cys Asp Thr 
95 100 105 

GAT TTG GAC TGC CCT TCA CCT TAT GCT GAG TGC AGG ATG GAC GCA GGC GAG 585 
Asp Leu Asp Cys Pro Ser Pro Tyr Ala Glu Cys Arg Met Asp Ala Gly Glu 
110 115 120 125 

ACG ATC AAG CGT TGC AAG TGC AGA GCA GGT TGC CCA GGT GAT GGT GTC ATT 636 
Thr He Lys Arg Cys Lys Cys Arg Ala Gly Cys Pro Gly Asp Gly Val He 
130 135 140 

TGC AAG CCC GAT AAG ATC TGT ACT GAC TTG GCT GAA GAC TCT GAG GCT CAC 687 
Cys Lys Pro Asp Lys He Cys Thr Asp Leu Ala Glu Asp Ser Glu Ala His 
145 150 155 160 
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CGT AGG TGC CTT CAG ACC GGT ATC ACC GAC AAG ACA TAC GTT TGT GAT GAC 738 

Arg Arg Cys Leu Gin Thr Gly lie Thr Asp Lys Thr Tyr Val Cys Asp Asp 
165 170 175 

GGT TAT TAC TTG GAC ACT GAT AAC AAG TGC CAG CCG ATT GTT GAG CTT GAA 789 

Gly Tyr Tyr Leu Asp Thr Asp Asn Lys Cys Gin Pro lie Val Glu Leu Glu 
180 185 190 



GAT GAT AGG GTT GTG AGC GTA ATT GCC AGT GGC TAC GTA AAC GGC AGC CGT 840 
Asp Asp Arg Val Val Ser Val He Ala Ser Gly Tyr Val Asn Gly Ser Arg 
!95 200 205 210 

ATT GAT ATT GGT AAA TGC TTT TCC ATT GAA ATT AAC AAA GAC AAC GGC ATG 891 
He Asp He Gly Lys Cys Phe Ser He Glu He Asn Lys Asp Asn Gly Met 
215 220 225 

TCT TAC TTC TAC CAA CTT AAC AGT GGT GAC CCT GTT GTG ATT GAC CAA AAA 942 
Ser Tyr Phe Tyr Gin Leu Asn Ser Gly Asp Pro Val Val He Asp Gin Lys 
230 235 240 245 

ATT AAG ACT GAC GAC CAG TTG ATG TTG TTG TTC GAG CTT AAG GCT AAC GAC 993 
He Lys Thr Asp Asp Gin Leu Met Leu Leu Phe Glu Leu Lys Ala Asn Asp 
250 255 260 

ATT ATT GCC TTT ACC ACT ACT GAG GCC AAT CCT TCT GGT CTC ACT AAA ATC 1044 
He He Ala Phe Thr Thr Thr Glu Ala Asn Pro Ser Gly Leu Thr Lys He 
265 270 275 

TTC ACT ATC TCA AAT GGT CTT AAA GGC TGC AAA ATC GAC AGT GTT ATG AAG 1095 
Phe Thr He Ser Asn Gly Leu Lys Gly Cys Lys He Asp Ser Val Met Lys 
280 285 290 " 295 

TAC TCC CCA ACC GGA GCT AAG GAG CAC CCC TCA GGT GTC AGG GTT GAG GTT 114 6 

Tyr Ser Pro Thr Gly Ala Lys Glu His Pro Ser Gly Val Arg Val Glu Val 
300 305 310 

AAA GAG CTT GAA ACT TCG AGC GAA AGG CAG GAG CTT TAG TCA AAA TGA CGA 1197 
Lys Glu Leu Glu Thr Ser Ser Glu Arg Gin Glu Leu 
315 320 325 

ACC GAC TCA AAT AGA GTT TAA TTT TTT TTA AAA AAA 1233 
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SEQ ID NO: 2 

SEQUENCE TYPE: Nucleotide with 

corresponding protein 

SEQUENCE LENGTH: 1254 base pairs 

STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: cDNA to mRNA 

ORIGINAL SOURCE: Bovine erythrocytes 

infected with Babesia bigemina 

IMMEDIATE EXPERIMENTAL SOURCE: 

clone from cDNA library 



FEATURES : 

from 205 to 2 67 signal peptide S 
from 268 to 1245 mature peptide S 

PROPERTIES : 



GCCTTTTATA CCCCGTCTTG GTTATACCGT GGATGCTCTT TGAATCGCGT GAAATTGATC 60 

TCGTACGTTT TGCTTTTGTT AGCTAATCTA TCTCAAAGCC AAGCTGACAG TTCAATATTG 120 

GACATCTTAA ATTCTTTTGT GCTTAGACGC GCTGATATTT ATCTGTGTTT AGGTGCTCTC 180 

GCGGGACAGT GCAAATCTTT CAAA ATG CTG CTT CCA AGG TGC GTT TGC GGT TTA ATT 237 

Met Leu Leu Pro Arg Cys Val Cys Gly Leu lie 
-20 -15 

TTA TTT TTG CTC TAC GAA ACC GCC AGC GGA TAC CTA TAC CGC GCC ATC TCT 288 
Leu Phe Leu Leu Tyr Glu Thr Ala Ser Gly Tyr Leu Tyr Arg Ala He Ser 
-10 -5 1*5 

ATG TAT GAA AAT AAG GGG ACG CTT ACT GCA GAC CCT ACT AAT GTT GGT CAA 339 
Met Tyr Glu Asn Lys Gly Thr Leu Thr Ala Asp Pro Thr Asn Val Gly Gin 
10 15 20 

GCT GAT GTA GTA GTG GAG AAG AAT GGC GTT GGG AAG GTG TGC AAA TCA ATG 390 
Ala Asp Val Val Val Glu Lys Asn Gly Val Gly Lys Val Cys Lys Ser Met 
25 30 35 40 

AGA TCA GGC AGG TAC ATT GTG AAT CCC TAC ATT CAA CGG TGT CCT ATT GGT 441 
Arg Ser Gly Arg Tyr lie Val Asn Pro Tyr He Gin Arg Cys Pro He Gly 
45 50 55 

ACC ACC AAG TGT GGT CCA GAG TTT GAT GCA ACT CTT GGT ACA TGT GCG GAT 492 
Thr Thr Lys Cys Gly Pro Glu Phe Asp Ala Thr Leu Gly Thr Cys Ala Asp 
60 % 65 70 75 

TTC TCT GGG TGC TAC ACT GTT AGC AAC AAC ACT CGC GTT TGC ACA TGC ATG 543 
Phe Ser Gly Cys Tyr Thr Val Ser Asn Asn Thr Arg Val Cys Thr Cys Met 
80 85 90 

TCG GGA TAC TTC GGT AAT CCT TAC GTT CAA TGT TTC AAA TAT TGT GAA ACT 594 
Ser Gly Tyr Phe Gly Asn Pro Tyr Val Gin Cys Phe Lys Tyr Cys Glu Thr 
95 100 105 

GAC CTG GAT TGT CCA TCA CCG TAT GCG GAA TGT CGT CAG GGT CCA GGA GAG 645 
Asp Leu Asp Cys Pro Ser Pro Tyr Ala Glu Cys Arg Gin Gly Pro Gly Glu 
110 115 120 125 

CTT TTT AAG CGC TGC AAG TGC AAG CAG GGC TGC CCT GGC GAT GGC GTT ATT 696 
Leu Phe Lys Arg Cys Lys Cys Lys Gin Gly Cys Pro Gly Asp Gly Val He 
130 135 140 



XID: <EP 0417524A1 J. > 



21 



EP 0 417 524 A1 



TGC AAA CCC CAA AAC ATT TGC ACT GAT ACG CAA GAA AAT ACT GAA ACA CAT 747 
Cys Lys Pro Gin Asn lie Cys Thr Asp Thr Gin Glu Asn Thr Glu Thr His 
145 150 155 ago 

CGT AAG TGC TTG CAA ATT AGT ACC ACG GAA AAG AGT TAT GTA TGT GAT GAC 798 
Arg Lys Cys Leu Gin He Ser Thr Thr Glu Lys Ser Tyr Val Cys Asp Asp 
165 170 175 

GGA TAC TAT TTG GAT ACC TAT TAC AAA TGC GTT AAA ATC GTT GCT ATA GAG 849 
Gly Tyr Tyr Leu Asp Thr Tyr Tyr Lys Cys Val Lys He Val Ala He Glu 
180 185 190 

AAT GAT AAA AAA ATT AGT ATA GTA GCC AAC AAC TTT GTT GAC GGA AGT CGT 900 
Asn Asp Lys Lys He Ser He Val Ala Asn Asn Phe Val Asp Gly Ser Arg 
200 205 * 2f0 

ATT GAT ATT GGT AAA TGC TTC TCC ATG GAA ATC AAC AAG GAG AAT GCT GAG 951 
He Asp He Gly Lys Cys Phe Ser Met Glu He Asn Lys Glu Asn Ala Glu 
215 220 225 

TCG CGC TTT TAC CAA ATG AAC AGT GGT GAC GCC GTT GTG GTG AAG GGC AAG 1002 
Ser Arg Phe Tyr Gin Met Asn Ser Gly Asp Ala Val Val Val Lys Gly Lys 
230 235 240 245 

ATC GTC ACA AAT CCG CAG CTT TAT TTA GCG GTG GAG GTA AAG GCG AAT GAC 1053 
He Val Thr Asn Pro Gin Leu Tyr Leu Ala Val Glu Val Lys Ala Asn Asp 
.250 255 260 

GTC ATT GTA TTT GCT ATG CTT GAG GAT GAT CAT TCT AAA TTA ACA AAG TTG 1104 
Val He Val Phe Ala Met Leu Glu Asp Asp His Ser Lys Leu Thr Lys Leu 
265 270 275 

TTC AGC ATA TCA AAT GGT CTT AAA GGG TGT CAA ATA GAC GGT GTA AGT AAG 1156 
Phe Ser He Ser Asn Gly Leu Lys Gly Cys Gin He Asp Gly Val Ser Lys 
280 285 290 295 

TAT GAT CCG ACG GGT ATT CGT GTA AAC CCT TCT CAA GTT AAG GTG GAA ATA 1207 
Tyr Asp Pro Thr Gly He Arg Val Asn Pro Ser Gin Val Lys Val Glu He 
300 305 310 

CAG AAT CTT GTT GAA AGC CAA GGG GCC AGT GAG GAG CTT TGA ATA TGC 1254 
Gin Asn Leu Val Glu Ser Gin Gly Ala Ser Glu Glu Leu 
315 320 325 
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FIG. 1q FIG. 1b 



FIGURE 1. SD S - POL YACRYLAMI DE GEL ELECTROPHORESIS OF THE 
PURIFIED 12D3 ANTIGEN - 

Figure la: gel stained with silver; Figure lb: gel blotted 
with the 12D3 monoclonal antibody. The three lanes are 
identical except that lane 2 and 3 contain twice the amount of 
antigen as lane 1, A doublet of protein is clearly seen at 
38 kD, with a minor amount of protein at 22 kD. Molecular 
weight markers are in the outside lanes. 
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— 88 kD 



FIG. 2 



FIGURE 2. WESTERN BLOT OF BABESIA PROTEINS USING A12D3 
MONOCLONAL ANTIBODY. 

Standards (Lane 1), B. bigemina (Lane 2), B. bovis (Lane 3), 
Standards (Lane 4). 
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FIG. 3 

FIGURE 3- TWO-DIMENSIONAL ELECTROPHORESIS OF THE PURIFIED 
12D3 ANTIGEN. 
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FIG. 4 



FIGURE 4. STAINING PATTERN BY IFA OF BABESIA BOVIS INFECTED 
ERYTHROCYTES USING BOVINE ANTI-SERA AGAINST PURIFIED 12D3 
ANTIGEN . 
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FIGURE 5A. VACCINATION OF DOS TAURUS WITH PURIFIED 
NATIVE 12D3 ANTIGEN (I |ig DOSE) . 




Days 
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FIGUUK SH. VACCINATION OK /JO.'* TAURUS WITH PURIFIED 

NATIVE 12D3 ANTIGEN (10 |lg DOSE) 




Days 
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FIGURE 6. DS'A SEQUENCE OF THE 12D3 GENS Or 3 ABES I A GOVTS ; CDNA 

::::r.rsT or plasm id psbsi a^d ?iai . 

TTTTTTTTTT 7TC7TCTGA7 T7TA3IAAGA ACG7CGACTA 7 ATT AAA? TC AC77GGTCGG 

c'. CTTCTTGTGA CGCC7ACTAT 7GC7GC3AGA G7G7G7AGG7 77TTCCT7CA GGCA7TACTC 

::i 7GGAAAATAC TATTCGACAT ACAAGsIQTT GGCTACACG7 77TGTT77TA G7CTTTGCCT 

>:i ATTTGTGGCT CATCAAGGCG TCAACGCCTT T77C7 ATCGT GC AGTTCC 7 A 7GTACGA7CA 

I: 1 GAATGGTA.AG CTGG7TCCGG A7TCC7CTAA TA7AGG7CC7 7CATCCT7AC GAGTCGAGGC 

201 7ACTGGTGT7 GG7AGGATTT GTTC7ACTAT GCAATCAGGT G7CTATCTCG TCAATCCTTA 

2il CGCTCAGCGC TGCCCAATTG GGAAGAGCAA A7GTGGACCT GAGCATGATT CCACCCTAGG 

421 AAAATGTGCC ATGTACTCTG GTTGTTACAC CATCAGTGAC GACTTCCGTG CTTGCTCATG 

43 i C7TGCCTGAT TACTTCGGCA ACCCTTACAA GCAATGTTTC AGACACTGTG ACACGGATTT 

541 GGACTGCCCT TCACCTTATG CTGAGTGCAG GATGGACGCA GGCGAGACGA TCAAGCGTTG 

£01 CAAGTGCAGA GCAGGTTGCC CAGG7GATGG TGTCATTTGC AAGCCCGATA AGATCTGTAC 

eil 7GACTTGGCT GAAGACTCTG AGGC7CACCG TAGGTGCCT7 C AG ACCGGT A TCACCGACAA 

721 GACATACGTT TGTGATGACG GTTA7TACTT GGACACTGAT AACAAGTGCC AGCCGATTGT 

751 7GAGCTTGAA GATGATAGGG TTG7GAGCGT A-ATTGCCAGT GGCTACGTAA ACGGCAGCCG 

641 TATTGATATT GGTAAATGCT TTTCCATTGA AATTAACAAA GACAACGGCA TGTCTTACTT 

SOi CTACCAACTT AACAGTGGTG ACCCTGTTGT GATTGACCAA AA-AATT AAG A CTGACGACCA 

36 i GTTGATGTTG TTGTTCGAGC TTAAGGCTAA CGACATTATT GCCTTTACCA CTACTGAGGC 

1021 CAATCCTTCT GGTCTCACTA AAATCTTCAC TATCTCAAAT GGTCTTAAAG GCTGCAAAAT 

1081 CGACAGTGTT ATGAAGTACT CCCCAACCGG AGCTAAGGAG CACCCCTCAG GTGTCAGGGT 

1141 TGAGGTTAAA GAGCTTGAAA CTTCGAGCGA AAGGCAGGAG CTTJAGTCAA AA.TGACGAAC 

12 01 CGACTCAAAT AGAGTTTAAT TTTTTTTAAA AAAAA 



Sequence shown 5' to 3' of the coding strand of the 12D3 antigen, the 
initiation codon (ATG, nucleotide 146) and the stop codon (nucleotide 1164) 
are shown underlined. 
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FIGURE 7. amjko ACIQ SEQt;ENCE OF „„„ ^ 

1 ^2££V££J ^V^n-yN f rrVRAVr ^y Sfflgig yppc c,.r G?!?;: .. 

;™f"^" ST""" C.»,„ BCKCSAGCPG MVICKFSK: CTOliiDSM 

;« SSSS ™r LEO!>RVV SVIiSC ^ :3 5RID: <^" 

... kx~ n~ SSS Sif 7T? "™ I 

tzzzr =:' 2 r 
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FIG. 8 



FIGURE 8. HYBRIDISATION OF THE 12D3 CDNA TO DNA FROM VARIOUS 
STRAINS OF BABESIA BOVIS. 

The cDNA insert of plasmid pBb51 was used to hybridise to DNA 
isolated from the Samford (lane 2), Lismore (lane 3) and Ka 
(lane 4) strains of Babesia bovis. Molecular weight markers 
(lambda DNA digested with Hindlll) are shown in lane 1. 
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TXG'JrS, 9. CDNA SEQUENCE Or I2D3 GEN'S (PLASM ID pDICl) OBTAINED 
FROM 3ABES IA B . 



1 GCCT77TATA CCCCGTCTTG G7TATACCG7 GGA7CCTCT7 7GAA7CGC37 GAAAT7GATC 
61 7CGTACG77T 7GC7TTTGT7 AGCTAA7CTA 7C7CAAAGCC AAGC7G AC A G T7CAA7ATTG 
121 G ACATCTTAA A7TCT7TTG7 GC T TAG AC GC GC7GATAT77 A7CTG7G77: AG37GC7C7C 
iei GCGGGACAGT GCAAA7CTTT CAAA£JJ;C7G C77CCAAGG7 GCG7T7GCG3 TT7AA7T7TA 
241 TTTTTGCTCT ACAAACCGCC AGCGGA7ACC TAT ACCGCGC CA7CTCTA7G 7A7GAAAA7A 
301 AGGGGACGCT TACTGCAGAC CCTACTAATG TTGGTCAAGC TGATGTAG7A GTGGAGAAGA 
361 ATGGCGTTGG GAAGGTGTGC AAATCAATGA GATCAGGCAG GCACATTG7G AATCCCTACA 
421 TTCAACGGTG TCC7ATTGG7 ACCACCAA.G7 GTGGTCCAGA GTT7GA7GCA ACTCTTGGTA 
481 CATGTGCGGA TTTCTCTGGG TGCTACAC7G T7AGCAACAA CAC7CGCG77 TGCACATGCA 
541 TGTCGGGATA CTTCGGTAAT CCTTACG7TC AATGTTTCAA ATATTG7GAA AGTGACCTGG 
601 ATTGTCCATC ACCGTATGCG GAATG7CG7C AGGGTCCAGG AGAGCT777T AAGCGCTGCA 
661 AGTGCAAGCA GGGCTGCCCT GGCGATGGCG TTATTTGCAA ACCCCAAAAC ATTTGCAC7G 
721 ATACGCAAGA AAATACTGAA ACACATCGTA AGTGCTTGCA AA.T T AG T AC C ACGGAAAAGA 
781 GTTATGTATG TGATGACGGA TACTATTTGG ATACCTATTA C AAATGCG 7 T AAAATCG7TG 
841 CTATAGAGAA TGAGAAAAAA ATTAGTA.TAG TAGCCAACAA CTTTGTTGAC GGAAGTCGTA 
SOI TTGATATTGG TAAATGCTTC TCCATGGAAA TCAACAAGGA GAATGCTGAG TCGCGCT7TT 
S61 ACCAAATGAA CAGTGGTGAC GCCGTTGTGG TGAAGGGCAA GATCGTCACA AATCCGCAGC 
1021 TTTATTTAGC GGTGGAGGTA AAGGCGAATG ACGTCATTGT ATTTGCTA7G CTTGAGGATG 
1081 ATCATTCTAA ATTAACAAAG TTGTTCAGCA TATCAAATGG TCTTAAAGGG TGTCAAATAG 
1141 ACGGTGTAAG TAAGTATGAT CCGACGGGTA TTCGTGTAAA CCCTTCTCAA GTTAAGGTGG 
1201 AAATACAGAA TCTTGTTGAA AGCCAAGGGG CCAGTGAGGA GCTT T^AA TA TGC 



Sequence shown 5' to 3' of the coding strand. 

The initiation codon (ATG, nucleotide 2 OS) and termination codon (TGA, 
nucleotide 1245) are shown underlined. 
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figure io. comparison or the amino acid sequences of the: 12D3 

PROTEIN" FROM BA3E5IA B TGEtfTKA AIO 3. 5QVIS. 



10 20 

3ig: KLLPRCVCGL ILF1LYETAS 

3ov: XLatRfVfsL cLFvahqgvn 

^v- A v A v- A v ~ ~ - v - ~ 

70 80 90 100 110 120 

SMRSGRYIVN PYICRCPIGT TKCGPEFDA7 LGTCADFSGC Y7VSNNTRVC TCKSGYFGNP 

r.MqSGvYlVN PYaQRCPIGk sKCGPEhDsT LGkCAmySGC YTiSddfRaC sClpdYFGK? 



130 140. 150 160 170 180 
YVQCFKYCET DLDC?S?YA£ CRQGPGELrK RCKCKQGCPG DGVICKPQNI CTDTQEN7ET 
YkQCFrhCdT DLDCPSPYAE CRmdaGEtiK RCKCreGCPG DGVICKPdkl CTDlaEdsEa 
^ — — ~ — - v- — -~- 

190 200 210 220 230 240 

KRXCLQISTT EKSYVCDDGY YLDTYYKCVK IVAIENDKKI SIVANNFVDG SRIDIGXCFS 
KRrCLQtgiT cXtYVCDDGY YLDTdnKCqp IVelEdDrw SviAsgyVnG SRIDIGKCFS 

~^~^/V ^ A ^^^VV AA V" ~~_^~~~~ v ~ ~~ 

250 260 270 280 290 300 

KSINKENAES RFYQMNSGDA VWKGKIVTN PQLYLAVEVK ANDVTVFAML EDDHSKLTKL 
iEINKdNgraS yFYQlNSGDp WidqKIkTd dQLmLlfSlK ANDilaFttt EanpSgLTKi 
~~~^~~~-v^ v ~~~~~~~~_ — ~~ v ~~ -~~v~v-~~~ — v ^_~_~ v ~~~^ 

310 320 330 340 

FSISNGLKGC QIDGVSKYDP TGIRVNPSQV KVEIQNLVES QGASEEL 

FtlSNGLKGC kIDsVmKYsP TGakehPSgV rVEvkeL-Et sserqSL 

*-' v ~~~~' s ' % ~ - A ~-~v~~-~ ~~_- y ~~~_- ~~~~ — ~~ 

The mature protein for 12D3 (S. bo vis;, and by comparison the B. bigejnina 
12D3, begins at residue 31. 

The similarity of the sequences are shown thus: Residues of the 3. bovis 
identical with the B. big&mxna protein are shown in capital letters. 
Symbols beneath the line use Dayhoff ' PAM250 Scoring Matrix scoring method 
to indicate homology. (Pustell (1568), Nucleic Acids Research, 16 5, 1813- 
1820.) 



30 40 50 60 

GY LYRA I SKY EN\"C? -TAD? TNVGQADVW SKNGVGKVCK 
affYRAvpMY dqr.G -:LvpD3 sN'iGpsslrV EatGVGriCs 
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FIGURE 13. PROTEIN STRUCTURE OF THE 38 Jc3 AKTIGES* (12D3 

ANTIGEN) ARRANGED TO EMPHASISE' Tl:£ EG? -LIKE DOM^IS'S . 



-C— (X) 10 — C— (X) 5 --C-- tX) 9 CSC iX) 6 — C 

(X) 3-C — (X) 5 — C~ (X) 6 --C— (X) 1Q CKC- (X) 3C- (X) 4 — C 



C «= cysteine residue, X = amino acid residue, S = serine, K = 

lysine. The first C is residue S3 of the ami.no acid sequence of 

che B . bov±s 33 kO antigen (See figure 7) . The EGF-like domains 

cre conserved in the B. bigemine fcrai of the 39 JcD antigen. 
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7A31E 1. PURIFICATION SCHEME TOR I2C3 A-NTIGSN 



?:o:e ^rc Frscuitn Volusia Trii-ri- Pr-:- --i-.ee ; jr:: :ca:::n 



s uoe mat a ft t 



93 



celite 

breakthrough 2 2500 0.90 



celite 1M NaCl 

elution and 3 8 1.5 •■■+* ^ 

concentration 



12D3 affinity 

column washes 4 4 00 0.C3 



l2D3-affinity 

column elution 5 0.5 0.16 ■*•++ ca. 30, 000 

and concentration 
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7A3LE 2. PARTIAL Ail I NO AC 1 2 SEQUENCE OF THE 12D3 ANTIGEN . * * 





" - *■ ** 


eiT.m'Js . 


- 


~ y ro s i r. '2 


va 1 a ne 


; 


arcir.ine 


tyrosine 


5 


alanine 


:hreon ir.e 


5 


alan ine 


val ine 


-5 
/ 


leucine 


proline 


o 

8 


aspa ragine 


met hicn ine 


c 


tyros ine 


arginine 


-. r\ 
I U 


aspa rtate 


i so leucine 


-. i 
X JL 


y lUC Cal-iJC 


se r ine 


12 


asparaoine 


alanine 


13 


glycine 


alanine 


14 


aspartate 


lysine 


15 


alanine 


leucine 


16 


valine 


lysine 


17 


alanine 


proline 


18 


aspartate 


leucine 


19 


serine 


leucine 


20 


threonine 


serine 


21 


asparacine 


proline 


22 


threonine 


isoieucine 


23 


glycine 


phenylalanine 


24 


proline 


lysine 


25 


serine 


glutamine 



** Showing two polypeptide chains not necessarily resolved. 
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TABLE 3. PARTIAL AMINO ACID SEQUENCE OF THE 12D3 
ANTIGEN . 







2 2 ?*. D Protein. 


1 


(pner./icicnine) 




2 


phenylalanine 




3 


uvro5inc 


va line 


4 


Giginins 


I - \? ♦-n^ i n ^ 


5 


alanine 


f h ronn i n ^ 

L lit CUUllJC 


6 


valine 


a ian ine 


7 


p ro 1 ine 




3 


pre trhrron"i"n*e 


asparagine 


5 


(tyrosine 




1U 


! — • CT sa — o 
a 5pci Lolc 


JL O JU. \^ U V— J- I i w. 


11 


blutamine 


o y~ n no 


12 


k spa rag ine 


a x c.ri id c 


13 


aly cine 


dicii ine 


14 


|_y s ine 




15 


xe-tacine* 


alanine 


16 


valine 


leucine 


17 


proline 


leucine 


18 


aspartate 


threonine 


19 


serine 


proline 


20 


serine 


threonine 


21 


asparagine 


phenylalanine 


22 


isoleucine 


lysine 


23 


glycine 


glutamine 


24 


proline 


alanine 


25 


serine 




26 






27 


leucine 




28 






29 


valine 
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